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USER NOTES ON PALASM/PLEASM - 8/1/84 

This memo is designed to clarify some issues relating 
to new releases of PALASM programs. Version 1.7D is the 
latest release of PALASM designed to support all small & medium 
PAL devices including the programable pol-arity series (16P8) . 
It has been extensively modified from its parent VI. 6C program 
and offers many benefits. It is 30% smaller in size and 
25% faster running on benchmark circuits. The 1.7D version also 
corrects several bugs which have been noted: 

1. Unconnected inputs & Don't care outputs were (1.7B) 
assigned a logic zero in the JEDEC output. VI. 7C & VI. 7D provide 
a X state & allow the programmers to ignore those pins. 

2. Product terms in the 16P8 PAL device for the enable 
pin had all fuses blown on that pin. This has been corrected. 



Recent improvements - V1.7D: 

1. Printing of periods during parts of the program where 
little or no activity is normally visible. (This allerts the 
user the computer is busy thinking and not lost.) The periods 
are generated v/hen the user is sending output to a disk file. 

2. Acceptance of TAB (CTRL-I) and FORM-FEED (CTRL-L) 
Characters in PALASM design files. These characters are treated 
as spaces & ignored in processing design file. The user may find 
it more convenient to use them for creating presentable listing 
files. 



3. Acceptance of UPPER & lower case letters in menu 
commands in PALASM. Commands will have the same effect 
regardless of the caps lock key position or shift key use. 
(Exception - File names must be entered in the correct case for 
their name.) 

4. CPM versions have been modified to ignore & not read 
comments from input design files. This makes maximum use of the 
limited RAM space for design file storage. Echo of design file 
text will produce a listing with multiple spaces squeezed down 
to one & comments removed. This should not affect other 
processing functions. 



PALASM VI. 8C is the latest release of the software 
designed to support the MegaPALs (32R16 & 64R32) , it is 
designed to provide programming support only - no simulation & 
test generation. It also has the same 4 improvements listed 
for VI. 7D. Currently it is only available for VAX & IBM-PC 
computers. There are no plans to make it available for 
Intel or CPM machines, due to memory constraints. 
Simulation & test generation will only be provided on PALASM2 
when it becomes available. All the usual commands of the menu 
driven PALASM are present. No special documentation is necessary 
to run the VI. 8C software - follow directions from the VI. 7 
manual. 



PALASM VI. 9A is an early release of 20RA10 & 20RP10 
programming support. No simulation facilities are provided. The 
program is written in Pascal & is quite different than the 
earlier Fortran programs. It is written in the format of PALASM2 
- a compiled language. The first thing users will notice is its 
speed of action. The speed comes at the expense of error messages 
pin-pointing syntax problem in the design file. This will be 
corrected in future releases. VI. 9A is only available for VAX & 
IBM-PC computers. Future versions should be available for 
8-bit machines. A short user's manual has been written 
for each of the programs. 



Check-sum calculation functions have been removed 
from all versions of PALASM. This was done for two particular 
reasons: first - it makes the program smaller & easier to 
implement without overlays on 8 bit machines, second - problems 
were noted in how the checksum worked on some machines & files 
it needed* major rework. This may cause the programmers to 
show error messages when these files are down-loaded. (New 
revision firmware on DATA-IO & other programmers will accept 
the NULL-0000 check-sum used & properly continue.) Xmit checksum 
(the only one previously used) is not an accurate gauge of 
proper file transfer & can lead to problems on some operating 
systems. 

JED.COM is a program that specifically calculates the 
proper checksums (fuse & xmit varieties) & places them in the 
JEDEC file. Use of both checksums insure a higher 
confidence in the accuracy of the processing. It is used by 
first creating a JEDEC output file by assigning the 
output to the disk & then executing the JED program. It will 
prompt for the names of the input & output files to use. Versions 
of JED.COM are available for all machines we distribute PALASM 
for. 
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Copyright notices: page 0-1 

COPYRIGHT 

(C) Copyright 1984 Monolithic Memories Inc. The copying and 
distribution of this manual or the PALASM software is encouraged 
for the private use of the original purchaser provided this notice 
is included in all copies. No commercial resale or outside distri 
-bution rights are allowed are allowed by this notice. This material 
remains the property of Monolithic Memories Inc. All other rights 
reserved by Monolithic Memories Inc., 2175 Mission College Blvd., 
Santa Clara, CA 95050. 

TRADEMARKS 

The following are registered trademarks of MMI: PAL, HAL, PLE. 
MMI also has the trademarks: PALASM, PLEASM. 

The following are registered trademarks of Digital Equipment 
Corporation: VAX, VMS, PDP, RSX. 

IBM Corporation has the trademark: IBM PC, PC DOS. 

The Osborne PC is a trademark of the Osborne Computer Corporation. 

UNIX is a trademark of AT & T. 

Intel/MDS is a registered trademark of Intel Corporation. 

CP/M is a trademark of Digital Resarch, Inc. 

MS-DOS is a trademark of Microsoft. 

SSFORTRAN is a trademark of Super soft Inc. 

DISCLAIMER 

Monolithic Memories Inc. makes no representations or warranties 
with respect to the contents within and specifically disclaims any 
implied warranties of merchantability or fitness for any particular 
purpose. Further, Monolithic Memories Inc. reserves the right to 
revise this publication and the product it describes and to otherwise 
make changes to the product without obligation of Monolithic Memories 
Inc. to notify any person or organization of such revision or changes. 
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What is PALASM? 

PALASM is a key tool used in automating the process of 
"designing your own chip". PALASM assembles and simulates PAL 
Design Specifications; it generates PAL fuse patterns in formats 
compatible with a variety of Monolithic Memories approved 
programmers. 

PALASM provides designers a vital design tool which 
minimizes the "time to market" for new products by allowing 
designers to quickly and easily modify PAL designs. 

Key Features : 

- Assembles PAL Design Specifications. 

- Simulates and verifies the Function Table. 

- Tests each product term for stuck-at-zero (SAO) and 
stuck-at-one (SAl) faults. 

- Generates PAL fuse patterns in various programmer 
formats. 

- Reports assembly and Function Table errors. 

Appendix A lists the computers upon which PALASM has been 
implemented, while Appendix B lists all MMI approved programmers. 

PALASM reads from an external data file which contains the 
PAL Design Specification. The syntax for this file is given in 
Section 3. 

Designing with PALs and PALASM requires the following steps: 

1. Specifying the design using Boolean equations in sum 
of products form. 

2. Assembling the Boolean equations. 

3. Simulating the design. 

4. Generating programmer compatible outputs. 

PALASM assembles the design specification and reports any 

syntax errors to the user. It provides the user with a list of 
menu driven options including Simulation, Fault Grading, 
generation of fuse plot patterns in multiple formats, etc. 
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Figure 1.1: The PALASM Flowchart. 

From: J. Birkner, V. Coll, D. Sackett, Programming Logic Chips on 
Personal Computers, Machine Design, July 1983, p. 81 
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PALASM should run with minimal modifications on the following 
CPU's provided the minimum system requirements mentioned later in this 
section are satisfied. 

Mainframe Computers 

VAXVMS, VAXUNIX, or IBM 

Minicomputers 

PDPll/RSX or PDPll/RTll 

Microcomputers 

IBMPC/MSDOS or the CPM system on the Radio Shack, Apple, 
Kaypro, Osborne, or Zenith computers 

Other requirements are: 

Removable Media: 5.25" or 8" disks, or tape. 

Memory : 64K bytes minimum. 

One EIA 232 port. 

PAL programmers suggested: DATA I/O Model 19 Programmer with LogicPak 

DATA I/O Model 29A with LogicPak 
STRUCTURED DESIGN 20/24 
STRUCTURED DESIGN PAL Burner 
STAG PM202 
STAG PM2200 

DIGELEC(FAM51 or FAM52) 
PROLOG M980 
PROLOG 9068 
KONTRON MPP80S 
KONTRON MOD 21 
VARIX 

For software development and user customization of the pro- 
gram, a FORTRAN compiler/linker and another disk drive are 
necessary to create the executable version of the program. The 
recommended compiler is the Supersoft FORTRAN compiler which was 
used to develop and test the programs on microcomputers at 
Monolithic Memories Inc. 

PALASM is compatible with both FORTRAN IV LEVEL G and 
FORTRAN 77 Standards. Only standard FORTRAN constructs are used 
to en'sure portability to many computer systems. 
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When you receive your package, to protect your PALASM from 
accidental clobbering, please BACK IT Up on a second disk. The 
importance of this cannot be overemphasized. 

To verify that the package works on your system, run each of 
the executable files to see if you get the correct starting prompts. 
Then run a few example design files to verify basic assembly. 

If you are unable to execute the program or if the design 
examples do not assemble, the following are possible explanations for 
this: 

1. Faulty interfacing to your operating system. The most 
probable cause is a non-standard implementation of the operating 
system on your machine. 

2. Inadequate memory capacity in your system. For instance, 
having only 64K on an IBM PC, when you need at least 128K. 

3. The medium upon which you received the PALASM system has 
become corrupted. 

4. The files may be in the wrong place, so that the opera- 
ting system cannot find them. 
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Figure 2.1: The PALASM Syntax 

From: J. Birkner, V. Coli, D. Sackett, Programming Logic Chips on 
Personal Computers, Machine Design, July 1983, p. 84 
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3.0 The Syntax of PALASM 

Overview 

PALASM requires an input file to generate a PAL program- 
ming pattern. This section describes the syntax for a PAL design 
specification file. 

Notational Conventions: 

{ ... } indicates that whatever is inside the { } brackets is 
optional. 

< ... > indicates that the name enclosed in the < > brackets 
will be discussed later. 

( ... denotes a comment. Comments begin with the ( mark and 
continue till the end of the line. 

One limitation that varies from one system to another is 
the acceptable maximum length of a PALASM Specification file. 

PALASM Syntax 

<pal type line> 

<pal pattern line> 

<application description line> 

<company address line> 

<pin list> 

<equation list> 

{ ( the following is optional: 

FUNCTION TABLE ( this must Start in column 1 and have 1 space betwee 

( FUNCTION and TABLE 
<function table pin list> 
<function table list> 



( the following is optional if following FUNCTION TABLE. 

DESCRIPTION ( this must start in column 1 

Descriptive commentary lines follow till end of file. 

} 

Note: a PALASM specification must have either a FUNCTION TABLE line or a 

DESCRIPTION line to terminate the PALASM <equation list>. PALASM 
will fail otherwise. 
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A Closer Look at the PALASM Syntax 

<pal type line>: 

Starting in line 1, column 1, this specifies the PAL type. 
Any text following is treated as a comment. 

<pal pattern line>: 

Documents the specified PAL pattern for future 
reference. 

<application description line> and <company address line>: 

These lines are without formal rules, they are provided for 
the convenience of our customers. 

<pin list>: 

For PALASM to work successfully, all device pins must be named 
in this list. These names do not have to start in column 1 however the 
list must be in numerical pin order and MUST begin on line 5. Pin names 
may be up to eight characters long and must be separated by at least 
one blank. PALs are available with either active high or active low 
outputs. To specify an active low output. To use active low PALs, use 
opposite polarities for that pin name in the pin list and in the left 
hand side of the PAL output equations. 

Comments may be included in the lines of the pin list, 
equations and function table as follows: 

<comments>: 

A comment begins with a semicolon "j** and continues to the 
end of the current line. This same convention is used for commentary 
in the following parts of a PALASM specification: 

<pin list> 
<equation list> 
<f unction table pin list> 
<f unction table list> 

<equation list>: 

This is a sequence of <pal output equations>. The <pal 
output equation> will have one of the following forms: 

<SYMBOL>«<EXPRESSION> 
IF (<PRODUCT>) <SYMBOL>«<EXPRESSION> 
<SyMBOL> : «<EXPRESSION> 

NOTE: Equations are not limited to just one line!!! To 
continue an equation, go to the next line, just as you would in 
PASCAL and similar languages. AVOID writing in column 80, as PALASM 
continues to scan in the next line in column 1, and this can get you 
into trouble. 

<SYMBOL>: 

This is a pin name. If preceeded by a slash "/" , the state of 
the pin name is logically complemented. 
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IF( ): 

This tells PALASM that the output pin within the parentheses 
is to be an output only when the PRODUCT is true. Otherwise, the 
output will be put in high impedance mode (high-Z). 

<PRODUCT>: 

This is a sequence of SYMBOLS separated by the AND operator ***** 

<EXPRESSION>: 

A sequence of SYMBOLS separated by the following: 
* AND (product) 
4- OR (logical sum) 
:•»•: XOR (exclusive OR) 
:*: XNOR (exclusive NOR) 

Discussion of <pal output equations>: 

Each of the three equation forms have different functions. 

The first form indicates that the expression directly deter- 
mines the state of the output. 

The second says that when the product specified within the 
is true the pin will output the expression. 

The third form says that the pin changes state to equal the 
expression only on the rising edge of the clock. 

<f unction table list>: 

The function table pin list specifies the sequence of ent- 
ries in the function table. The function table itself begins with 
a dashed line and terminates with a dashed line. The length of 
the dashed lines is not significant. Each line or vector in the 
function table records the input and output pins of the function 
table pin list. There must be as many states per vector as there 
are pin names in the function table pin list. Any line in the 
function table may consist of a vector or a comment or both. 

An input may have one of 4 states: 

L Force a low on the input pin. 

H Force a high on the input pin. 

X Although specified as a don't care, PALASM 

defaults to a low signal onthispin. 
C This input pin is being used as a clock, drive 

the logic signal from low to high state. 

NOTE: PALASM will report inputs as 1 for H and 
for L in its generated test vector list. 

An output may have one of 4 states: 

L Expect a logic on this pin. 

H Expect a logic 1 on this pin. 

X Do not test this output. 

Z Test for high impedance on this pin. 
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A brief example of the PAL input spec follows: 



PAL DESIGN SPECIFICATION 
JANE ENGINEER 03/12/82 



PAL12H6 

P7000 

SIMPLE EXAMPLE 

MNI SANTA CLARA, CALIFORNIA 

A B C NC NC NC NC NC NC GND NC NC F NC NC NC NC NC NC VCC 



A + B*C 



; SIMPLE TRANSFER FUNCTION 



FUNCTION TABLE 

ABC 

INPUTS 
*1 «2 «3 



F 
OUTPUT 



L 


L 


L 


L 


L 


L 


B 


L 


L 


B 


L 


L 


L 


B 


B 


B 


H 


L 


L 


B 


H 


L 


B 


B 


B 


B 


L 


B 


B 


B 


B 


B 



DESCRIPTION 

TBIS EXAMPLE ILLUSTRATES TBE USE OF FUSIBLE LOGIC TO IMPLEMENT A 
SIMPLE BOOLEAN TRANSFER FUNCTION. 

PALASM EXERCISES TBE FUNCTION TABLE TO SIMULATE TBE TRANSFER 
FUNCTION. 



A Great Perfortner/ 





<^J^' 'I^^ W. N^« i^ O 

"^ «lMIH»iililli|l|ll 



o o o o ?: 



^'<i 
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latcfi^ypj-PSJ. Pjpsx^Pinarj^.e ppj-srity FMs 

1, The architecture tor these PALs are shown on the pages 
that toiiow. With the polarity fuses intact, these PALs are 
active low; when blown, the outputs are active high. 

For example, if output 1, OUTl, is specified as 
uncomplemented in the pin list, and in the equations, it is also 
specified in the uncomplemented form, the polarity fuse WILL be 
blown because the output is specified as active high. 

The converse is also true. It OUTl is complemented in the 
pin list and also complemented in the equation, the fuse will 
also be blown. 

2. To specify a register preload during simulation, enter a 
"P" for the preload pin in the function table. The registers will 
then be preloaded with the pin information supplied with that 
P-vector . 
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Liv- 






20P10 


.• 












•*» 


: 




::_:::_:::_:: 




^M 




Lts- 












^ ■c,' 



























■1 

li 

1 


4^,.. -.;..;. :,„?©.! 
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4.0 Running PALASM 

To start, check Appendix A to verify that you have all the 
necessary files to run PALASM on your particular computer and 
operating system. To gain some insight into the nature of PALASM, 
we suggest trying to run one of the several examples that are 
included in your package. P7000.DAT is the classic basic gates 
example we suggest you try first. Once the basic capabilities of 
the program are understood and once you have established a 
certain degree of comfort, work with some of the other examples 
or create your own designs. 

Type in your system's execute command to run PALASM, you 
should see the following response on the screen, if PAL20 was 
chosen: 

MONOLITHIC MEMORIES 20-PIM PALASM (ta) VERSION 1.7A 
(C) COPTRIGBT 1983, 1984 MONOLITHIC MEMORIES 

WHAT IS THE SOURCE FILENAME (d: filename. ex t) ?: P7030.DAT 

Enter the name of the input file containing the PAL design 
Specification in response to the above prompt. In the above 
example, the P7030.DAT example has been chosen* 

OUTPUT FILENAME - PRESS <ENTER> FOR NO OUTPUT FILE ?: <CR> 

If <CR> is pressed, the output from this PALASM run will be 
sent to the console. Otherwise, if a filename is specified, all 
output will be channelled to that file. 

After reading the input specification file, PALASM returns 
with a menu of the following form: 

E-ECfiO INPUT O-PINOUT S-SIMULATE P«PLOT 

B-BRISF H«HBX I-INTBL HEX D«DOCUMENT 

jsJEOEC FORMAT F-PAULT TESTING 

C«CATALOG Q-QUIT 

ENTER OPERATION CODE: _ 

The _ mark designates the cursor. Any selection you enter 
must be in UPPER CASEiH A brief discussion and sample ouput from 
each of the options follows: 

ENTER OPERATION CODE: D 

Documents the entire PAL design by executing the echo, 
pino 1^ and plot options on the menu. Sample output from running 
each of these options follow. 
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ENTER OPERATION CODE: B 

Echos the PAL Design Specification sending it to the display 
device and helping verify that the input file has been read 
properly. 



PAL16C1 

P7030 (PMSI003) 

OCTAL COMPARATOR 

NMI SUNNYVALE, CALIFORNIA 

A7 AO BO Al Bl A2 B2 A3 B3 GND 

A4 B4 AS B5 EQ NE A6 B6 B7 VCC 



BIRXNES/COLI 07/21/81 



NE 



« 


AO*/BO 


+ 


/AO* 


BO 


;A0 ! 


!+: 


BO 


+ 


A1*/B1 


+ 


/Al* 


Bl 


;A1 i 


{ + : 


Bl 


+ 


A2*/B2 


♦ 


/A2* 


B2 


;A2 


5 + : 


B2 


+ 


A3VB3 


♦ 


/A3* 


B3 


;A3 J 


5 + : 


B3 


+ 


A4*/B4 


♦ 


/A4* 


B4 


;A4 ! 


: + : 


B4 


+ 


A5VB5 


+ 


/AS* 


B5 


;AS J 


!+: 


BS 


+ 


A6*/B6 


+ 


/A6* 


B6 


;A6 


!♦: 


B6 


+ 


A7*/B7 


+ 


/A7* 


B7 


;A7 i 


!^: 


B7 



FUNCTION TABLE 



A7 A6 AS A4 A3 A2 Al AO B7 B6 BS B4 B3 B2 Bl BO NE EQ 

COMMENTS 



; INPUT A INPUT B OUTPUTS 
;76543210 76S43210 NE EQ 



HLLLLLLL LLLLLLLL H L A7«H, B7«L 
LHLLLLLL LLLLLLLL H L h6»E, B6«L 
LLHLLLLL LLLLLLLL H L AS>H, BS«L 



LHT.HLilLH LHLHLHLH L H TEST ODD CHECKERBOARD 
HHLLHHLL HHLLHHLL L H TEST EVEN DOUBLE CHECKERBOARD 
LLHHLLHH LLHHLLHH L H TEST ODD DOUBLE CHECKERBOARD 



DESCRIPTION 

THE OCTAL COMPARATOR ESTABLISHES WHEN TWO 8-BIT DATA STRINGS 
(A7-A0 AND B7-B0) ARE EQUIVALENT (EQ«H) OR NOT EQUIVALENT (NE«H) . 

******************************************************************************** 
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ENTER OPERATION CODE: O 

Upon commanding a pinout, PALASM displays the location and 
names of all pins on the specified PAL. 

OCTAL COMPARATOR 



A7 



AO 



BO 



Al 



Bl 



A2 



B2 



A3 



B3 



6ND 



************** *******4 

* * * 


k****** 

* 


**** 


**** 


♦I* PAL 


*20* 


**** 


**** 


• 1 6 C 1 


* 


**** 


**** 


* 2* 


*19* 


**** 


**** 


* 


* 


**** 


**** 


♦ 3* 


*18* 


**** 


**** 


* 


* 


**** 


**** 


* 4* 


♦17* 


**** 


**** 


* 


* 


**** 


**** 


* 5* 


♦16* 


**** 


**** 


* 


* 


**** 


**** 


♦ 6* 


♦15* 


**** 


**** 


* 


* 


**** 


**** 


* 7* 


*14* 


**** 


**** 


* 


* ' 


**** 


**** 


♦ 8* 


*13* 


**** 


**** 


* 


* 


**** 


**** 


* 9* 


*12* 


**** 


**** 


* 


* 


**** 


**** 


*10* 


*1I* 


**•* 


**** 


* 


* 


******************************* 



VCC 



B7 



B6 



A6 



NE 



BQ 



B5 



AS 



B4 



A4 



****************************************************************************** 
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ENTER OPERIkTION CXIDE: S 

In executing this command, PALASM examines the Function 
Table entries and determines if the PAL performs as the entries 
indicate. These entries are checked against the equations thereby 
verifying the design. Test engineering can then use the 
resulting simulation vectors as seed vectors in generating 
functional test vectors. 

All inputs in the logic equations are given the values 
specified in the Function Table vector and the equations are 
exercised. The evaluated outputs and those specified in the test 
vectors are checked and any inconsistencies between the two 
values are flagged as errors. 

In evaluating the logic equations, three types of inputs 
are present: primary inputs, feedback inputs from registered 
outputs, and feedback inputs from combinatorial outputs. The 
values for primary inputs and the combinatorial feedback outputs 
are taken from the present vector under consideration. The 
values for registered feedback inputs are taken from the 
registered outputs of the previous vector. It is therefore 
essential that the first vector in the Function Table put the 
PAL state machine in a valid starting state and not "wake" the 
machine in an undefined state. 

The Function Table allows the following as valid input states. 

H High level 

L Low level 

C Transition from low to high 

X Irrelevant (defaults to logic for input) 

Z High impedance 

The following test vector states are output: 

H Test for high state 

L Test for low state 

1 Drive to high state 

Drive to low state 

X Irrelevant (do not test if output) 

C Drive input from low to high state 

An important point to note is that all "don't care" 
conditions are treated as LOW signals. This option can be invoked 
only when a function table exists in the input specifications. 
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OCTAL COMPARATOR 

1 lOOOOOOOOXOOOOLHOOOl 

2 OOOOOOOOOXOOOOLHIOOI 

3 OOOOOOOOOXOOlOLHOOOl 



20 OllOOllOOXllOOHLllOl 

21 lOOOOllIlXOOOOHLllll 

22 OllllOOOOXllllHLOOOl 

PASS SIMULATION 

ENTER OPERATION CX>DE: P 

Displays complete fuse plot. 

OCTAL COMPARATOR 

11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 

0000 0000 0000 0000 0000 0000 0000 0000 

1 0000 0000 0000 0000 0000 0000 0000 0000 

2 0000 0000 0000 0000 0000 0000 0000 0000 



21 0000 0000 0000 0000 0000 0000 0000 0000 

22 0000 0000 0000 0000 0000 0000 0000 0000 

23 0000 0000 0000 0000 OOOO 0000 0000 0000 

24 X X A0*/B0 

25 -X— X /AO*BO 

26 ~ X X A1*/B1 

27 X— X /A1*B1 

28 X X A2*/B2 

29 X— X /A2*B2 

30 X X— A3*/B3 

31 X— X /A3*B3 

32 X —X- A4*/B4 

33 X X /A4*B4 

34 . X — X A5*/B5 

35 X X /A5*B5 

36 ;— X — X A6*/B6 

37 — X X • • /A6*B6 

38 ~X X A7VB7 

39 X — X /A7*B7 
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40 0000 0000 0000 0000 0000 0000 0000 0000 

41 0000 0000 0000 0000 0000 0000 0000 0000 

42 0000 0000 0000 0000 0000 0000 0000 0000 



61 0000 0000 0000 0000 0000 0000 0000 0000 

62 0000 0000 0000 0000 0000 0000 0000 0000 

63 0000 0000 0000 0000 0000 0000 0000 0000 

LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,1) 
: PHANTOM FUSE (L,N,0) O : PHANTOM FUSE (H,P,1) 

NUMBER OF FUSES BLOWN « 480 

ENTER OPERATION CODE: B 

Displays only product terms containing blown fuses. 

OCTAL COMPARATOR 

11 1111 1111 2222 2222 2233 
0123 4567 8901 2345 6789 0123 4567 8901 

24 X X AO*/BO 

25 -X— X /AO*BO 

26 X X A1*/B1 

27 — -X— X /A1*B1 

28 X X A2*/B2 

29 X — X /A2*B2 

30 X X— A3*/B3 

31 -X— X /A3*B3 

32 X —X- A4VB4 

33 X X /A4*B4 

34 X — X A5*/B5 

35 X X /A5*B5 

36 X — X A6*/B6 

37 X X • • /A6*B6 

38 — X X A7*/B7 

39 X — X- /A7*B7 

LEGEND: X : FUSE NOT BLOWN (L,N,0) - : FUSE BLOWN (H,P,1) 
NUMBER OF FUSES BLOWN « 480 
SECURITY FUSE > XX 
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ENTER OPERATION CODE: H 

This format which is directly compatible with the DATA I/O 
909-1427 20-pin Generic card set, is shown below. 

A 

BB BB BB BB BB BB BB BB BB 
C 

A — > Record start character (STX) 

BB — > Data byte 

c — > End of text character (ETX) 

Data is sent in streams of 16 8-bit bytes separated by 
spaces. An execute character, the ASCII period ".", is sent at 
the end of each stream of data. 4-bit data is padded up with 
zeros in the most significant 4 places. In addition, a hex 
checksum is passed at the end of the transmission. 

7PFFF7FPFFFFFFFFFFFFPPPPPPFFFPFP. 
P7FF7FPPPFFPFFPFPPPPPPPPPPPPF P P P . 
FFPPPPPF7FPPP7FFPFPFFPPPPPPPPPFF. 



lIllllllllOllllOllllllllllllllll. 
11011110111111111111111111111111. 
11101101111111111111111111111111. 

HEX CHECK SUM « F70 

A******************************************************************************* 

ENTER OPERATION CODE: I 

Generates the Intel Hex format for both 4- and 8-bit data 
downloading; the format is as follows: 

: AABBBB OOCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCDD 

: — > Starting colon marker 

AA — > Record length in hex 

BBBB — > Record starting address in hex 

C. .C — > Data 

DD — > Hex checksum 

All data is sent in streams of 16 8-bit bytes starting at 
OOOH. 4-bit data is padded with zeros in the most significant 4 
bits. The checksum is the negative of the sum of all 8-bit bytes 
starting at "AA" to "DD", modulo 256. Transmission is terminated 
by the bit stream ":00000001FF" . 
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2OOOO0OO070FOP0FOFO70FOF0POF0F0FOF0F0FOF0F0F0F0F0F0F0FOF0FOFOFOPOF0FOF0F1O 
2OOO2OO00F070FOF07OF0F0FOF0F0F0F0F0F0F0F0F0F0FOF0F0FOFOF0F0F0FOF0F0F0F0FFO 
2OOO4OO00FOFOF0FOFOFOFOF070FOFOFOFO70F0F0F0F0FOFOFOFOFOFOFOFOFOF0F0FOFOFDO 



2001A0000101010101010101010100010101010001010101010101010I0101010101010121 
2001C00001010001010101000I0101010I0101010I010I010101010IOI01010I0101010101 
2001EOOOOI010100010100010I010101010101010101010101010I010101010101010I01E1 
OOOOOOOIFF 

BHTBR OPERATION CODE: J 

Provides JEDEC formatted fuse plot. 

*D2221*F0* 

LOOOO 01111011111111111111111111111111* 
L0032 10110111111111111111111111111111* 
L0064 11111111011110111111111111111111* 



L0416 11111111110111101111111111111111* 
L0448 11011110111111111111111111111111* 
L0480 11101101111111111111111111111111* 
VOOOl lOOOOOOOOXOOOOLHOOOl * 
V00Q2 OOOOOOOOOXOOOOLHIOOI * 
V0003 OOOOOOOOOXOOlOLHOOOl * 



V0020 OllOOllOOXllOOBLllOl * 
V0021 lOOOOllllXOOOOHLllll * 
V0022 OllllOOOOXllllHLOOOl * 
F998 
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ENTER OPERATION CODE: F 

Assuming product lines can fail by being stuck-at-l or 
stuck-at-Or the fault testing procedure determines those 
failures that the ( function table entries can detect and 
identifies each product term ( that cannot be detected. 

Product term coverage is computed as follows: 

- Total number of detected SAl faults 

- Total number of detected SAO faults 

- Product Term Coverage 

SAl faults + SAO faults 
PTC = * 100 (%) 

2 * Total number of Product Terms 

PALASM notifies the user which product terms and what type 
of faults were not detected. For example, 

" PRODUCT 2 OF EQUATION 1 UNTESTED (SAO) FAULT " 

This means that the product term number 2 of equation 1 
cannot be tested for (SAO) fault. 

OCTAL COMPARATOR 

1 lOOOOOOOOZOOOOLHOOOl 

2 OOOOOOOOOXOOOOLHIOOI 

3 OOOOOOOOOXOOIOLHOOOI 



20 OllOOllOOXllOOHLllOl 

21 lOOOOllllXOOOOHLllll 

22 OllllOOOOXllllHLOOOl 

PASS SIMULATION 

NUMBER OF STUCK AT ONE (SAl) FAULTS ARE « 16 

NUMBER OF STUCK AT ZERO (SAO) FAULTS ARE « 16 

PRODUCT TERM COVERAGE «100% 

******************************************************************************** 
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ENTER OPERATION CODE: C 

Catalog o£ available options. 

MONOLITHIC MEMORIES 20-PIN PALASM VERSION 1.7 
(C) COPYRIGHT 1983 MONOLITHIC MEMORIES 



DOCUMENT (D) 
ECHO (E) 
PINOOT (O) 
SIMULATE (S) 

PLOT (P) 
BRIEF (B) 

HEX (H) 
INTEL (I) 
JEDEC (J) 
FAULT (F) 
CATALOG (C) 
QUIT (Q) 



PRINTS THE PAL DESIGN DOCUMENTATION 

PRINTS THE PAL DESIGN SPECIFICATION 

PRINTS THE PIMODT OF THE PAL 

EXERCISES THE FUNCTION TABLE VECTORS IN THE LOGIC 

EQUATIONS AND GENERATES TEST VECTORS 

PRINTS THE ENTIRE FUSE PLOT 

PRINTS ONLY THE USED PRODUCT LINES OF THE FUSE PLOT 

PHANTOM FUSES ARE OMITTED 

GENERATES HEX PROGRAMMING FORMAT 

INTEL HEX PROGRAMMING FORMAT 

JEDEC FORMAT FOR DATA I/O PROGRAMMER 

FAULT TESTING 

PRINTS THE PALASM CATALOG 

EXIT PALASM 



******************************************************************************t 



Olfeet Logic ftoplaoMMiit 
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The following files should be on the tape if you 
ordered the load/go version. 

PAL20.EXE and PAL24.EXE - Executable file for 20- and 24-pin PALs 
respectively. 

P7000.DAT through P7099.DAT - Example PAL design specification 

files. These are useful for demonstrating how the input 
file should be formatted or for verifying that the 
assembler is indeed working correctly. 

BITPN.TXT - A directory of the example design specification 
files. This cross-reference is repeated in Appendix D. 

lOINIT.FOR - User customization package for array dimensions and 
I/O. 

If you ordered the development version, you will have the 
following additional files on your tape. 

PAL20.FOR and PAL24.FOR - FORTRAN source files for the 20- and 
24-pin modules. The programs were developed using 
FORTRAN 7 7 however you should be able to compile under 
FORTRAN IV with minor changes. 

This module must be linked in with the main program. 
Unloading Your Mag Tape under VAX/VMS 
Helpful Hints: 

- The volume is labelled PALASM and is recorded in Files-11 
format, 1600 BPI and 9-track mag tape. 

- For the neophytes who wish to learn everything there is to 
learn about mag tapes and more. Digital Equipment 
Corporation has published The Magnetic Tape Users' Guide 
(Order No. AA-M539A-TE). 

- Your tape drive goes by many different names. For example, 
MTAO: or MSAO:. To list all devices on your installation, 
type SH DEV M<cr> when you see the $ prompt. 

After loading your tape on the drive, when you see the $ 
prompt, type the following: 

$ ALL MTAO: TAPE 

Allocates space for TAPE on device MTAO: 
$MO0BT/OVBR«IDEHT TAPS 
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This mounts the tape and overrides any tape labels. Operator 
privileges are required to do this. 

$CRBATB/DIR [.PALASM] 
$SET/DEFAULT [.PALASM] 

Sets up the appropriate default directory. 
$COPT TAPB:*.*j* (1* 

This copies the tape files to your directory. 
$DISN001IT TAPE 

Dismounts tape and wraps things up. 

DISREGARD THE SECTION BELOW IF YOU HAVE THE LOAD/GO VERSION 
********************************************************************** 

Compile and link the source program using the following sequence 
of commands to create the executable version. You may substitute 
PAL24 for PAL20 as appropriate. 

$ FORTRAN PAL20,IOLIB 
$ LINK PAL20rIOLIB 

********************************************************************** 

After creating your PAL design Specification files using one 
of your system editors, type the following to run PALASM: 

$ RON PAL20 

At this point, refer to section 4 for step-by-step 
instructions on how to use the program. 
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Dumping a File From the VAX to the Data I/Ot 
Cable Connections: 

The RS-232C cable that connects the VAX-11 to the Data I/O 
has lines 2 and 3 reversed. The only other pins that must be 
connected are pins 1 and 7. 

Operating Procedures: 

1. Turn Data I/O power off. 

2. Connect the Data I/O programmer to the modem and VTIOO terminal as shown 
in Fig. A. 1-1. 

3. Turn the Data I/O programmer on. 

4. Press the "SELECT" (Data I/O). 

5. Enter "EB" (Data I/O) 

6. Press the "START" (Data I/O). 

7. Type "TY FILENAME.DAT" (VTIOO). The file should be in the JEDEC format™ 

8. Press RETURN on the VTIOO. 

9. Disconnect VT-100 terminal from the modem and Data I/O. 

10. Reconnect Data I/O to VT-100 as shown in Fig. A. 1-2. 

11. Press the "SELECT" (Data I/O). 

12. Press the "SELECT" (Data I/O). 

13. Enter "El" (Data I/O). 

14. Press "START" (Data I/O). 

15. Use VT-100 keyboard in order to communicate with the Data I/O. 
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PROGRAMMER 



I- 



PROTECTIVE GND. I 1 



SEND DATA 

RECEIVE DATA 

RTS 

CTS 

DSR 

SIGNAL GND. 



1 

I 2 



! 3 
i 

I 4 
1 . — 

1 5 

I 

6 



MODEM 

1 ! 

! 1 I 

1 ! 

> 2 1 
I 1 

•030! 
I 1 

•0401 
I 1 

! 5 ! 
I J 

10 6 0! 

I ! 

10 7 1 
I 1 



VTIOO 



6 
7 



PROTECTIVE GND, 
SEND DATA 
RECEIVE DATA 



SIGNAL GND. 



Fig. A. 1-1: Downloading from host (VAX-11) to Progranuner. 
(VAX talking to Programmer and VTIOO) . 



PROTECTIVE GND. 

SEND DATA 

RECEIVE DATA 

RTS 

CTS 

DSR 

SIGNAL GND. 



PROGRAMMER 
! 1 



! 2 



! 3 



• 4 

I 

I 5 



! 6 
1 7 



VTIOO 

! 1 I PROTECTIVE GND. 
I 1 

SEND DATA 



I — 
! 
i — 




Fig. A. 1-2: Using Programmer as host. 




RECEIVE DATA 



SIGNAL GND. 
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If you ordered the load/go version, the following files 
should be on your TAR tape. 

pals.mmi - A preprocessor that identifies the input file as a 20- 
or 24-pin PAL and invokes pal20 or pal24 as is 
necessary. 

pal20 and pal24 - Executable file for 20- and 24-pin PALs 
respectively. 

p7000.dat through p7099.dat - Example PAL design specification 
files. These are useful for demonstrating how the input 
file should be formatted or for verifying that the 
assembler is indeed working correctly. 

bitpn.txt - A directory of the example design specification 
files. This cross-reference is repeated in Appendix D. 

ioinit - User customization package for array dimensions and 
I/O. 

If you ordered the development version, you will have the 
following additional files on your tape. 

pal20.f and pal24.f - FORTRAN source files for the 20- and 24-pin 
modules. The programs were developed using FORTRAN?? . 

iolib.f - This provides the I/O features that make this version 
of PALASM compatible with that on the IBM PC. This 
module must be linked in with the main program. 

DISREGARD THE SECTION BELOW IF YOU HAVE THE LOAD/GO VERSION 
*********************************************************************** 

Compile and link the source program using the following sequence 
of commands to create the executable version. You may substitute 
pal24 for pal20 as appropriate. 

% f?? -w pal20.f -o pal20 
% f?? -w iolib.f -o iolib 
% link pal20, iolib 

********************************************************************** 

Create your PAL design Specification files using one of your 
system editors, then type the following to run PALASM: 

% pals. mi 

At this point, refer to section 4 for step-by-step 
instructions on how to use the program. The program pals.mmi 

invokes pal20 or pal24 depending on which pal type is specified 
in line 1 of the input file. 
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An important point to note is that the input file should be 
available in the data file "pal. in". The appropriate data file 
should therefore be copied into "pal. in" using a command similar 
to the one below: 

% cp p7x3uc.dat pal. in 




Pfease Find Us a Home / 
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For the IBM PC, system requirements are as follows: 
" 8088 based microprocessor system 

- 128K bytes minimum of memory 

- MS-DOS (PC-DOS) operating system 

- Optional text printer 

- 1 disk drive. 

The IBM PC version comes with three diskettes which contain the 
following files: 

Disk #1:PAL20.EXE, PAL24.EXE, PALSETUP.EXE, PALCOMM.EXE, 

PALCOMM.DAT 
Disk #2: P7000.DAT - P7049.DAT 
Disk #3: P7050.DAT - P7099.DAT 

- PAL20.EXE processes 20-pin PALs while PAL24.EXE 
handles 24-pin PALs. Both programs are written in 
FORTRAN77r however, each program is independent of the 
other during execution. 

- PALSETlp.EXE allows the user to set up the baud rate, 
parity, data bits and stop bits for communication. 
This information is passed to the communications 
program, PALCOMM.EXE, through PALCOMM.DAT, 

- Files P7000.DAT through P7099.DAT are example PAL 
Design Specifications taken from designs in the PAL 
Handbook. 

To use PALASM on the IBM PC, two steps are necessary: 

1. Create and edit the PAL Specification File. 

2. Run PALASM. 

Assuming that you are working with a 20-pin PAL, to 
start PALASM, with Disk #1 in drive A, type the 
following when you see the A> prompt: 
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A>PAL20 

Respond by typing the name of your source file and the drive 
on which it resides. If your input design spec cannot be found, 
the following error prompt is screened: 

DISK I/O BSBOR - MAYBB NROHG PILEMAMB ??? 

RESTART PALASM (Y/N)? 

If the input file can be located, the user can then specify 
the output filename. Otherwise, pressing the carriage return key 
sends the output to the screen. 
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Proqranuner Coininunications 

Before PALCOMM can be used, run PALSETUP to set up the baud 
rate, parity data bits and stop bits. This information is stored 
in PALCOMM. OAT and used by PALCOMM. To run the set up program, 
type: 

A>PALSETUP 

The current default data is displayed. On the screen, the 
current parameters (baud rate, etc.) are highlighted, and the 
user can select an input value by pressing any key on the 
keyboard. Press the return key to select another parameter. When 
the last parameter value (stop bits) has been selected, the user 
is asked to confirm the information. If confirmed, the data is 
saved in PALCOMM.DAT. 



SETUP PROGRAM FOR PALASM COMMUNICATON. 



Baud rate : 1200 

Paritv : Even 

Data bits : 7 

Stop bits : 1 

New values ok (v/'n) ? 



(c) CopvriQht 1983 Monolithic Memories 
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PALCOMM.EXE uses the data in PALCOMM.DAT to establish 
communications with the programmers. It then displays the 
following screen: 



PALASM COMMUNICATION PROGRAM, 



Enter -filename of -file to transmit during communication 
with Programmer :? OUTPUT.DAT 



(c) Copvright 1983 Monolithic Memories 
All Riahts Reserved. 



Once the name o£ the file to be transmitted has been keyed 
in, the program responds with "Proceed...". The message shown 
below will be on line 25 of the screen. WARNING: All data is 
transmitted to the serial device. If no such device is available, 
the programs goes into time-out. 

Press <F1> to send file • . . Press <F10> to exit coHaunications 



■ffHeieney 
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Caveats, Restrictions and Other Gotchas 
General 

1. Do NOT terminate the program abnormally by pressing 
CTRL-C, BREAK, etc. when you are sending the output to a file 
rather than the screen. Use instead the QUIT option to terminate 
your session. I£ the session is terminated using CTRL-C, this may 
result in lost £iles on your disk. This is because your output 
file will not have been properly closed. 

Supposingyour output file on B: drive is called 
OUTPUT.PRN, then if you abort your program using CTRL-C, when you 
look at the directory, it will indicate that your output file 
contains zero blocks: 

A>OIR 

OOTPOT.PRH 09-15-83 l:47p 

Your disk however will contain lost files. To recover 
any lost files or clusters, run CHKDSK with the /F switch using 
the IBM 2.0 boot disk. Type: 

A>CHKDSK B:/F 

1 lost clusters in 1 chain 

Convert lost chains to files (T/N)?T 

362496 bytes total disk space 

bytes in 1 hidden files 

216064 bytes in 2 user files 

1024 bytes in 1 recovered files 

145408 bytes available on disk 

327680 bytes total seaory 
303104 bytes free 

MS-DOS names the recovered file, FILEOOO.CHK. You can 
then delete OUTPUT.PRN and rename FILEOOO.CHK as you please. 



off UiMn« PklM 
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For CP/M-80 systems, the minimum configuration is: 
' Z80 based microprocessor system 

- 64K bytes minimum o£ memory 

- CP/M-80 operating system 

- Optional text printer 

- 1 disk drive. 

The three diskettes you receive will contain the following 

files: 

Disk #1:PAL20.EXE, PAL24.EXE, PALSETUP.EXE, PALCOMM.EXE, 

PALCOMM.DAT 
Disk #2: P7000.DAT - P7049.DAT 
Disk #3: P7050.DAT - P7099.DAT 

- PAL20.EXE processes 20-pin PALs while PAL24.EXE 
handles 24-pin PALs. Both programs are written in 
FORTRAN77. Each, however, is independent of the other 
during execution. 

- PALSETUP.EXE sets up the baud rate, parity, data bits 
and stop bits for communication. This information is 
passed to the communications program, PALCOMM.EXE, 
through PALCOMM.DAT. 

- Files P7000.DAT through P7099.DAT are example PAL 
Specifications taken from designs inthe PALHandbook. 

To use PALASM on the IBM PC, two steps are necessary: 

1. Create and edit the PAL Specification File. 

2. Run PALASM. 

Assuming that you are working with a 20-pin PAL, to start 
PALASM, with Disk #1 in drive A, type the following when you see 
the A> prompt: 
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A>PAL20 

Type the name of your source file and the drive on which it 
resides. If the input file does not exist, the following error 
prompt is screened: 

DISK I/O ERBDR - MAYBE WRONG FILENAMB ??? 

RESTART PALASM (Y/N)? 

If the input file is located, the user can then specify the 
output filename. Otherwise, pressing carriage return sends the 
output to the screen. 



Tlw FAL-TMChlnfl OM PHOMs 
NMvTrtofca 
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The Intel/MDS version of PALASM is written in FORTRAN IV and 
is divided into four program segments: 

- PAL20 assembles and generates fuse plots for 20-pin PALs 

- PAL24 assembles and generates fuse plots for 24-pin PALs 

- PAL20S simulates Function Table of 20-pin PALs 

- PAL24S simulates Function Table of 24-pin PALs 

ISIS-II Preliminaries 

Under ISIS-II, the general format for naming a file is: 
: DEVICE : FILENAME .EXTENS ION 

II I 

device name I I 
1-6 alphanumeric chars I 
1-3 alphanumeric chars 

The following device names can be substituted for : DEVICE: in 
the line above: 

:F0: thru :F5: Disk Drives #0 thru #5 

:TI: Teletypewriter keyboard 

:T0: Teletypewriter printer 

:TP: Teletypewriter punch 

:TR: Teletypewriter reader 

:VI: Video terminal keyboard 

:V0: Video terminal screen 

:HP: High speed paper tape punch 

:HR: High speed paper tape reader 

:LP: Line printer 

Since the console terminal may either be teletype or CRT, in 
order to input or output from the terminal, the following are 
also supported: 

:C0: Console output, and 

:CI: Console input 

In addition, ISIS-II supports a number of user definable I/O 
devices (see ISIS-II User Guide, page 2-5 of manual order number: 
9800306D) . 



(c) Copyright Monolithic Meaories Inc. 1984 All Rights Reserved. 



A. 5 PALASM for the Intel/MDS ISIS-II page A. 5-2 

Running the PALASM Assembler under ISIS-II 

A typical session at a terminal is shown below. The PALASM 
disk is assumed to be in drive #0 and the Design Specification 
filename is P7000.DAT. 

ISIS-II 
-:F0:PAL20 

The ISIS-II system prompt is a dash (-). Typing PAL20 
invokes the PAL assembler. 

PAL20 ASSEMBLER V2.4 MONOLITHIC MEMORIES 

ENTER PAL PROGRAM »> 
:F0: P7000.DAT 

Our Design Specification is in drive #0 

OPERATION CODES 

PsPLOT B«BRIEF HsHEX DsJEDEC-FORMAT E"ECHO Q-QDIT 

ENTER OPERATION CODE: P 

Each operation code is described below: 

P - Generates complete PAL fuse plot, where 
"X" - fuse not blown 
"-" - fuse blown 
"0" - low phantom fuse 
"0" - high phantom fuse 

B - Generates brief fuse plot displaying only those fuse lines 
which are essential to describe the function. 

H - Generates PAL fuse pattern in hexadecimal (HEX) programming 
format. 

D - Generates JEDEC programming format. PALASM will ask for the 
interface to which the JEDEC format is to be downloaded. 
The Intel/MDS specifies every interface with a label: 
:C0: Console output 
:LP: Line printer, etc. 

Although PALASM handles most interface labels, 
nevertheless, different series of the MDS often have 
different label names for the same interface. Check the 
Intel/MDS users' manual for the interface to be driven. 

Before down- loading data, put the Data I/O in receive mode 
by pressing <SELECT><E><B>. 

E - Echos the PAL Design Specifications input file to the 
selected logical device number. 

Q - Exits PALASM assembler. 
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Caveats, Restrictions and Other Gotchas 
General 

1. PAL Design Specifications may be written using the ISIS- 
II Edit or Credit, but special invisible control characters like 
TAB, TOP OF FORM, etc. are not supported by PALASM. They can lead 
to unidentifiable errors. 

2. PALASM is not foolproof. If you mistype the user data 
filename, PALASM complains with a FORTRAN I/O error (e.g. 156); 
or, if you try to open an already existing file during the PALASM 
output procedure, another FORTRAN I/O error is flagged (e.g. 155). 

Assembler 

1. PAL20 and PAL24 can only read up to 80 lines. Any file 
longer than 80 lines is truncated. Therefore, if your equations 
are longer than 80 lines, reformat them and reduce the number of 
lines in your input file. For example, instead of writing: 

OUTPUT - A 

+ B 

+ C 
change to 

OUTPUT » A + B + C 

2. Function Table values for GND and VCC should not be 
specified; nor should GND and VCC be ANDed (*) with other inputs. 

3. /GND and /VCC are recognized as complements. 

4. GND allows the user to skip product lines and VCC 
provides for upper implementation of open collector functions in 
a PAL16L8 or PAL 20L10. 

5. The assembler automatically skips to the third product 
line if an exclusive or operator : + : is encountered after the 
first minterro of an equation. This eliminates possible confusion 
when the PAL20X10, PAL20X8 and PAL20X4 are designed. 

6. Many users write their equations with a feedback 
connection specified for pins 12 and 19 for PAL16L8 and pins 14 
and 23 for PAL20L10. Since these pins have no internal feedback, 
the assembler flags this as an error. 

7. The user should be aware that "active low" PALS will 
invert at the output even if the inversion is not specified in 
the equation. PALASM will flag an error, 

8. The JEDEC format generated by this version of PALASM 
can be used with the Data I/O Model 19. In the next release, the 
JEDEC format will be modified to be compatible with the Model 29A. 
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Simulator 

1. PAL20S and PAL24S, can read up to 140 lines, including 
logic equations and Function Table entries. 

2. GND can be written in the product lines. If GND is 
specified in the logic equation, this product line is simulated 
as being always low. When VCC is specified, PALASM will blow all 
fuses for that product line. This product line is simulated as 
being always high. 

3. Note that IF (VCC) is optional (default) for conditional 
three-state outputs. The assembler automatically blows all fuses 
in this product line and simulates the output as being always 
enabled if no three-state line is specified. 

4. The simulator assumes that registered outputs are 
enabled if the output control pin is excluded from the Function 
Table pin list. Many users prefer this when the output control 
pin is tied to GND. 

5. Simulation of asynchronous outputs provides the ability 
to write a Function Table vector for a registered PAL without 
applying a clock pulse. Users are thus able to simulate 
asynchronous occurences in the PAL between clock pulses. 
Registered outputs can be tested or used as feedback with no 
change of state occur ing. 

6. The simulator bypasses the fuse plot. This enables the 
user to write and simulate more general Boolean equations which 
may not fit into the PAL architecture. Thus it is possible to 
simulate non-minimized Boolean equations. 

7. The Intel/MDS version of PALASM is available in either 
single or double density 8-inch disks. 
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Following is a list o£ MNI approved programmer vendors. 
Although the list below is mostly for San Francisco Bay Area 
offices, you should be able to obtain information about their 
regional sales offices by calling the telephone numbers listed. 

1. Data I/O 

473 Sapena Court/Suite 4 

Santa Clara, CA 95050 (408)727-0641 

2. Structured Design 

1700 Wyatt Drive/Suite 3 

Santa Clara, CA 95054 (408)988-0725 

3. Kontron 

630 Price Avenue 

Redwood City, CA 94063 (415)361-1012 

4. Stag 

528-5 Weddell 

Sunnyvale, CA 94029 (408)745-1991 

5. Digelec 

7335 E. Acoraa Drive/Suite 103 

Scottsdale, AZ 85260 (602)991-7268 

6. Storey Systems 

3213 N. Hwy 67/Suite 103 

Mesquite, TX 75150 (214)270-4135 

7. Varix 

122 Spanish Village #608 

Dallas, TX 75248 (214)620-0925 

8. Citel 

3060 Raymond Street 

Santa Clara, CA 95050 (408)727-6562 
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PAL Programmer Information 

DATA I/O Model 29A PLDS Programmer: 
Key Features: 

- Uses JEDEC PAL programming format together with a 
"family & pin code" which uniquely identifies each PAL 
type. 

- Capable of programming security fuse. 

- Uses an RS-232C communications interface. 
A Helpful Hint 

- The latest DATA I/O E-PROM revision changes MMI^s 
manufacturer code from "95" to "22" in the JEDEC "family 
code". Please check that the configuration code for your 
E-PROM is EC8C. 

Using the DATA I/O Model 29A 

Turn on the DATA I/O PLDS programmer. After it finishes its 
self testing procedure, hit the following key sequence on the 
DATA I/O keyboard: 

<SELECT> 

<E> 

<B> 

<START> 
< START > 

If you are programming a PAL, rather than just running 
tests, you will see a sequence of lines starting with L. 

If test vectors are to be sent to the DATA I/O, a sequence 
of lines beginning with V now appears. 

The check sum data is displayed as it is transmitted to the 
DATA I/O. 

The DATA I/O should now display a hexadecimal number on the 
left side of the display window and the LED on the proper socket 
should be on. If these conditions have not been met, something is 
wrong, probably the RS-232 interface. 
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SD20/24 PAL Programmer 
Helpful Hints: 

- Has 4K bytes of RAM. 

- Uses an RS232 full-duplex serial interface. 

- All units are shipped with 9600 BAUD rate. 

- Data format is asynchronous bit serial with no parity, 1 
start, 8 data and 1 stop bit. 

- The SD20/24 prompts with "+" character. 
Using the SD20/24 Programmer 

1. To program a PAL, the equations must be downloaded from 
your computer to the SD20/24. Set the computer to the BAUD rate 
you desire. Make certain that the BAUD rate setting on the SD 
matches that of the computer! 1 To set the BAUD rate on the SD, 
remove the bottom metal cover, and select the desired BAUD rate 
using the jumper connector provided. 

If you are using the PALCOMM program to communicate with 
the SD, put the SD into receive mode first by typing an L when 
you see the "+" prompt. Then press the "Fi" key to begin 
transmission and Wwhen you see the end transmission prompt, 
press control-z to end it. 

2. Insert the PAL device to be programmed in the socket and 
press the PROG key. If the RED LED flashes, this indicates that 
the PAL failed to program correctly or that the PAL failed 
functional testing. 

3. The GREEN PASS LED will flash if programming is 
successful. 

4. To verify the PAL against the fuse pattern in the RAM, 
insert the PAL in the socket and press the VERIFY switch. The 
SD20/24 performs a "smart verify"; it ignores all phantom fuse 
locations and unused products thereby decreasing program/verify 
times and increasing programming yields. 
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DIGELEC: sells a programmer for 20- and 24-pin PALs. It also uses 
an RS-232 interface. They have a unique programming format that is not 
presently supported by MMI. They are planning to produce a JEDEC format 
machine soon. 

PROLOG: sells a 20-pin PAL programmer, on the RS-232 HEX format 
interface. 

STAG: this RS-232 device uses the HEX format and can program 
20- and 24-pin PALs. 



HiyhSpMd 
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This section begins with a simple list of all error messages 
that each version o£ PALASM can generate on any system. This is followed 
by examples showing how these errors can be encountered. 

1. A non-existent file has been specified as the source file 
or invalid filename specified as the output file. 

DISK I/O ERROR - MAYBE WRONG FILBMAMB ??? 

************************************************************** 

2. The number of characters in the input file exceeds the 
maximum allowed. This should result in a run time error mess- 
age. The message will vary depending on your particular opera- 
ting system. The CP/M version allows up to 8000 characters in 
the input file. For the other versions, the maximum is 12000 
characters. 

TOO MANY CHARACTERS IN THE INPUT FILE 

************************************************************** 

3. An invalid PAL part type has been specified in line 1 of 
the input file. 

PAL PART TYPE $$$$$$$ IS INCORRECT 

************************************************************** 

4. More than 20 pin names have been specified for a 20-pin 
part. The following message flags this error for 24-pin parts. 

LESS THAN 20 PIN NAMES IN PIN LIST 

LESS THAN 24 PIN NAMES IN PIN LIST 

************************************************************** 

5. A pin name specified in the function table does not match 
any of the names specified in the device pin list. 

ERROR SYMBOL « $$$$$$$$ IN LINE NUMBER $$$ 

************************************************************** 

6. An active low PAL has been selected therefore the output 
pin name in the Boolean equations should be the complement of the 
corresponding pin name in the device pin list. 

OUTPUT MUST BE INVERTED SINCE PAL$$$$ IS AN ACTIVE LOW DEVICE 

************************************************************** 



(c) Copyright Monolithic Meaories Inc. 1984 All Rights Reserved. 



Appendix C: PALASM Error Messages pa9e C-2 



7. For an active high PAL, the output pin name should be the 
same as the pin name in the pin list. 

OOTPOT CANHOT BE INVERTED SINCE PAL$$$$ IS AN ACTIVE HIGH DEVICE 

************************************************************** 

8. Invalid output pin specified, please refer to the PAL 
handbook for device pinouts. 

THIS PIN NUMBER $$ IS AM INVALID OUTPUT PIN FOR PAL$$$$ 

************************************************************** 

9. Problem minterm in the flagged output equation. 

OUTPUT PIN NAME * $$$$$$$$ OUTPUT PIN NUMBER - $$ 
MINTERM IN LINE NUMBER $$$ 

************************************************************** 

10. This product line is non-existent for this PAL type. 
THIS PRODUCT LINE NUMBER $$ IS NOT VALID FOR PAL$$$$ 

************************************************************** 

11. This PAL type has a maximum of 8 product lines; too many 
product terms have been specified. 

MAXIMUM OF 8 PRODUCT LINES ARE VALID FOR PAL$$$$ 
TOO MANY MINTBRMS ARE SPECIFIED 

************************************************************** 

12. Invoking the SIMULATE option requires that the function 
table be present in the input specification. 

FUNCTION TABLE MOST BE SUPPLIED IN ORDER TO PERFORM SIMULATION 

************************************************************** 

13. The function table pin list does not correspond with the 
device pin list specified earlier. 

FUNCTION TABLE PIN LIST ERROR AT $$$$$$$$ 

************************************************************** 
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14. The symbol flagged is not a valid entry in the function 
table. 

$ IS NOT AM ALLONBD FUNCTION TABLE ENTRY AT VECTOR $$$ 

************************************************************** 

15. The expected value for this output in the function table 
does not agree with that computed from the Boolean equations. 
The various forms of this error message are shown below: 

FUNCTION TABLE ERROR AT VECTOR $$$ PIN - $$$$$$$$ 
EXPECT « H ACTUAL « L 

FUNCTION TABLE ERROR AT VECTOR $$$ PIN « $$$$$$$$ 
EXPECT > L ACTUAL « H 

FUNCTION TABLE ERROR AT VECTOR $$$ PIN « $$$$$$$$ 
EXPECT » OUTPUT ENABLE ACTUAL « Z 

FUNCTION TABLE ERROR AT VECTOR $$$ PIN > $$$$$$$$ 
EXPECT « Z ACTUAL - $ 

The offending line in the function table is then printed out with 
a question mark in place of the incorrect entry. 

************************************************************** 

16. Provides a count of errors detected in the function table. 
NUMBER OF FUNCTION TABLE ERRORS - $$$$ 
************************************************************** 

17. A symbol other than H(high), L(low), or X(don't care) has 
been entered in the function table. 

ERROR SYMBOL « $$$$$$$$ IN LINE NUMBER $$$$ 
************************************************************** 

18. The number of entries in the vector does not match the 
number o£ pins defined in the function table pin list. 

PIN NAME IS NOT DEFINED IN THE FUNCTION TABLE PIN LIST 
************************************************************** 
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1. Open Tooled Bit Patterns 
by Vincent Col I 



1 PAT • 1 ALT ID 1 TITLE | PAL TYPE | 


1 P7000 1 PH-4-3 1 Basic CateP | rAL12ll6 | 


1 P7001 1 PH-4-9 1 Basic Clocked Fllp-Flops | PALURB | 

1 r7CC2 1 PII-4-17 1 Memory Mapped I/O | PAL16L2 | 

1 P7003 1 PH-4-23 j Memory Interface Logic for 6B00 Mlcroproceanor | PM.IOLB | 
1 1 1 Bus 1 j 

1 P7004 1 PII-4-31 1 Video Logic | PAL20L10 | 


1 P7005 1 Pn-4-37 1 Binary to BCD Converter | PAL16RC | 

1 P7006 1 Pll-4r47 1 Deglitcher | PAL16R4 | 

j P7007 1 PH-4-53 | Elect ionic Dice Came | PALUKll | 

1 P700fl 1 Pll-4-63 1 9-nit Register | PAL20X10 1 
1 1 PMSI405 1 1 1 

1 P7C09 1 PH-4-69 | Multifunction Octal Register (SN54/74LS3R0) | PAL20xe | 
1 1 DD--8-I2 1 1 1 




1 P7011 1 Ptl-4-83 1 BCD/IIEX Counter I PAL20XC 1 
1 p;012 1 PII-4-91 1 64K Dynamic RAM Ref rcsh/Cont i ol ler | rAL20X4 | 


1 P7013 1 PIl-4-99 1 SN54/74S'.16 (16-Blt Multiplier/Divider/ | PAI.16HB | 
1 1 AN-114 1 Acciimulatoi ) Ktatr Countoi j | 

1 P701S 1 PII-4-113 1 Steppoi Motor Controller 1 PAI.lt.B4 | 




1 P7017 1 PII-4-129 < Quad 4!l Mux (SN54/74LS453) 1 PAL1HL4 | 
1 1 Dn-a-2S , II 

1 P701B 1 PII-4-137 1 Dual Bil Mux (SN64/74LS451 ) 1 l'AI.2CI,2 | 



P7019 1 PH-4-145 1 16il Mux (SN54/7 4LS450) | PAL20C1 
1 DB-8-20 1 1 


P7020 1 PH-4-153 | Octal Shift Register (SN54/74LS49B) | PAL203fB 
1 DB-8-6 1 1 

r7C21 1 PH-4-161 i 4-Dlt Shift Register/Compat at ci | PAL16R4 

r7022 1 PH-4-169 | 4-Bit Counter with 2 Input Mux | rAL16R4 

r7023 1 PH-4-177 1 Octal Counter (SN54/7 4LS461 ) 1 rAL20XB 
1 Dn-8-4 1 1 

P7024 1 ril-4-ie5 1 Octal Up/Down Counter (SN54/741.S490) 1 rAL20XC 
i PMSI401 I 1 

r70??> 1 PI)-4-193 1 10-Bit Counter (5N54/7 4LS49n 1 PAL20X10 
1 PD-B-ie 1 1 


P7026 1 PH-4-201 1 4-Dit Up/Down Counter with Shift Rcgltter 1 PAL16X4 
I 1 and Conipaiatoi | 


P7027 i PH-4-209 j 4-Blt Flash Gray A/D Convettei 1 rAl20X4 
r702B 1 pn-4-217 1 4-Blt Gray D/A Convtntct 1 PAl 16H4 
r7C.'9 1 PH-4-225 1 B-Blt IVA Convoitet 1 PALUlfl 


P;030 1 Pll-4-233 1 Octal Conparator 1 PAL16C1 
1 PMSI003 1 i 


P7031 1 rn-4-241 1 Potween Limits Compai at or/Rcy iPt er | PAL1CX4 


P7032 1 Pll-4-246 1 Between Limits Conpat atoi /Logic | PAl.ltCl 


P7033 1 PII-4-253 1 Memory Mapped Printer Decoder | PAL16»:2 
P7034 1 ril-4-256 1 Piintci Data RtgiPt er/Mux | rAL20XC 


P7035 1 PU-4-263 1 8-State Machine and Win-Lone Pecoder | PAL16R4 
P7C.<6 1 rn-4-26B 1 36-Stntc Machine | PALlfcRC 
P7037 1 Pll-4-274 | Pice Decoder 1 PAL16LC 
P703B 1 ril-4-2BO 1 Store Point /2, /7 , and /ll Decode | rAL16R4 
P7039 1 PII-4-290 1 Traffic Signal Controller No. I | PAI.Un* 
P7n40 1 ril-4-296 1 Traffic Signal Controller No. 2 | PALH.KC 


p;041 1 ril-4-305 1 32-Plt CRC (Cyclical Rodinulaiuy Chock in»]) | l'AL2CX0 
1 I Error Detection, Chip 1 1 
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1 P7042 1 PH-4-310 | 32-Bit CRC (Cyclical Redundancy Checking) | PAL20X8 
j i 1 Error Detection, Chip 2 | 


1 P7043 1 PII-4-316 1 32-Bit CRC (Cyclical Redundancy Checking) | PAL20Xe 
1 J j Error Detection, Chip 3 j 

1 P7044 1 PH-4-322 | 32-Bit CRC (Cyclical Redundancy Checking) I PAL20Xe 
1 i 1 Error Detection, Chip 4 j 


1 P704S 1 PU-4-332 | Check Bit Generator 1 PAL16X4 


1 P7046 1 PII-4-336 1 Symlcome Bit Gnerator 1 PAL16X4 


1 P7047 i PII-4-342 | Error Detection Unit No. 1 | PALieLO 
1 P7048 1 Pll-4-346 | Error Detection Unit Mo. 2 | PAL16L8 


1 P7050 1 Pli-5-25 1 CHAR/CURS Generator 1 PAL20X10 


1 P7051 1 PH-5-33 1 SCAN/LINE Generator i PAL2CX10 




1 P7053 1 Pli-5-51 1 Composite Video/Baud Rate Generator t PAL20X10 


1 P7054 1 PII-5-59 1 UART Shift Register and Control Key Detect | PAL20Xe 




1 P7056 1 PH-S-77 t RAM Control 1 PAL20X10 


1 P7058 1 NONE i 4-Bit Shifter 1 PAL14L4 


1 P7060 1 NONE i 4-Bit Counter with Transparent Latch | PAL20X4 


1 P7062 1 PNSIOOl 1 3-to-8 Demultiplexer with qontrol Storage | PALICHC 


1 P7064 1 NONE 1 10-Bit Comparator (SN54/74LS460) i PAL20C1 




1 P7066 1 .NONE i 6-Bit Counter i PAMCnC 





1 P7068 1 NONE | Multifunction 9-Bit Buffer | PAL20L10 


1 P7069 1 NONE { 10-Bit Buffer | PAL20L10 
1 P7070 1 NOME 1 10-Bit Open Collector Buffer | PAL20L10 


1 P7071 1 NONE 1 10-Bit Open Collector Inverting Buffer | PAL20L10 


1 P7072 1 PMSI407 1 10-Bit Addressable Register | PAL20X10 
1 P7073 I NONE j MC6800 Microprocessor Interface | PAL20MO 


1 P7074 1 NONE | Quad 3:1 Multiplexer | PAL14L4 
1 P7075 1 NONE | 4-Bit Counter with Registers | PAL20X8 


1 P7076 1 NONE | 9-Bit Down Counter | PAL20X10 
1 j I ^, j 


1 P7077 1 NONE | Refresh Clock Generator | PAL20XI0 


1 P7078 1 NONE | Octal Addressable Register | PAL16R8 


1 P7C79 1 NONE | Octal Addressable Register with Demux/Enables | PAL16R8 
1 P70e0 1 PMSI002 1 Octal Addressable Register with Demux/Clear | PAL16R8 


1 P7081 1 NONE 1 Rounding-Control Logic | PAL16C1 


1 r7Ce2 1 NONE 1 4-Bit Counter with Terminal Count Lock | PAL16R6 


1 r70C3 1 NONE 1 Memory Happed I/O | PAL18L4 


1 P70e4 1 NONE 1 9-Bit Counter with Terminal Count Lock | PAL20X10 
1 P7CC5 1 NONE 1 'S508 Memory Map Interface with the Intel 80851 PAL16R4 


1 P7086 1 NONE | 'S508 I/O Device Interface with the Intel 80851 PAL16R4 
1 P7087 1 PMSI403 | 2-Digit BCD Counter | PAL20X8 


1 P7Cee 1 NONE 1 9-Bit Counter with Shift Register | PAL20X10 
1 P7CC9 1 PMSI406 j Interface Controller for 68000 to Zilog 8500 | PAL20X10 


1 P7090 1 NONE 1 16 Input Priority Encoder | PAL20R4 


1 P7091 1 NONE 1 16 Input Priority Encoder Interrupt Flag j PAL16C1 


1 P7092 1 NONE | 15 Input Registered Priority Encoder j PAL20R4 


1 P70S3 1 NONE 1 Input Priority Encudei with Inltiupt Flag j PAL16R4 


i r7CS4 I NONE 1 Dual Stepper Motor Controller | PAL16R8 



(c) Copyright Nonolithip Memories Inc. 1984 All Rights Reserved. 



(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 



Appendix Di PAL Design File Library 



page D-6 



1 P7095 1 NONE 1 Octal Registered Barrel Shifter | PAL20R8 

1. ..... 1 1 _-. .._!.. 


t P7CS6 1 NONE 1 Clean Octal Latch 1 PAL20L10 
1 1 1.... ........I 


1 P7C97 \ NONE | Shaft Encoder No. 1 I PAL16R4 

1 1 1 1 

1 P7098 1 NOME t Shaft Encoder No. 2 1 PAL16R8 
j i . ^_ i __^ __^_^ j. 


1 P7099 1 NONE | Shaft Encoder No. 3 (vith Internal 4-Bit | PAL20X10 

1 1 1 Up/Down Counter) 1 

1 _ _ 



2. Bit Pattern CrosK-Referance 



LEGEND (Note: current MMI publications only) 

PH-m-n " PAL Handbook Second Edition « section m, page n 

DD-m-n " 19B2 LSI Data Book, section ni| page n (also referenced append ice:;) 

FMSIxxx >^ PMSI - PAL Medium Scale Integration Book (xxx is the part number) 



PAL10L6 
PAL12H6 
PAL14L4 
PAL16A4 
PAL16C1 
PAL16H2 
PAL16L2 
PAL16L8 
PAL16B4 

PAL16R6 
PAL16R8 

PAL16X4 

PAL18L4 

PAL20C1 

PAL20L2 

PAL20L10 

PAL20R4 

PAL20R8 

PAL20X4 

PAL20X8 

PAL20X10 



P7003 

P7000 

P7057, 

P7014 

P7030, 

P7033 

P7002 

P7029, 

P7006, 
P7039, 



P7058, P7074 



P7032, P7081, P7091 



P7037, P7047, P7048 

P7010, P7015, P7016, P7021, P7022, P7028, P7035, P7038, 
P7085, P70B6, P7093, P7097 



P7036, P7065, P7066, P7067, P7082 



P7001, 
P7094, 

P7026, 

P7017, 

P7019, 

P701fl 

P7004, 

P7090, 

P7095 

P7012, 

P7009, 
P7044, 

P7008, 
P7063, 



P7005, P7007, P7013, P7040, P7062, P7078, P7079, P70B0, 
P709e 

P7031, P7045, P7046 

P7083 

P7064 



P7068, P7069, P7070, P7071, P7073, P7096 
P7092 

P7027, P7060 

P7011, P7020, P7023, P7024, P7034, F7041, P7042, P7043, 

P7049, P7054, P7059, P7075, P70e7 

P7025, P7050, P7051, P7052, P7053, P7055, P7056, P7061, 

P7072, P7076, P7077, P7084, P70B8, P70e9, P7099 
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3, Bit Pattern DcBcrlptions 

»•*••««**«*♦*«**«***•**••**•**•*•*••*•************************•***************** 

P7000 

THIS EXAMPLE ILLUSTRATES THE USE OF FUSIBLE LOGIC TO IMPLEMENT 
THE BASIC GATESi INVERTER, AND GATE, OR GATE, NANDGATE, NOH 
GATE, AND EXCLUSIVE OR GATE. 

THE FUNCTION TABLE EXERCISES ALL INPUTS AND TESTS BASIC FUNCTION 
PERFORMANCE. PALASM EXERCISES THE FUNCTION TABLE TO SIMULATI) THE 
BASIC GATES. 

P7001 

THIS EXAMPLE ILLUSTRATES THE USE OF FUSIBLE LOGIC TO IMPLEMENT 
THE BASIC FLIP-FLOPSt 0-K FLIP-FLOP, T FLIP-FLOP, D FLIP-FLOP, 
AND S-R FLIP-FLOP. 

NEXT STATE TABLE FOR THE BASIC FLIP-FLOPS: 



I I 

I TYPE OF I 
I FLIP-FLOP 1 INPUT 



J-K 



I- 

I 

I I 

1 1- 

I T I 

I I- 

I D I 
I 1- 

I SET-RESET I 
I i 



Q+ 



Q - L 
L I Q+ 



H I C^ 



L I H I H 
I I 

L I H I L 



I- 



NOTE THAT A PAL16L8 MAY BE SUBSTITUTED FOR THIS DESIGN. THEN THE 
CLOCK INPUT(CLK) WOULD BE GATED WITH THE DATA INPUTS TO IMPLEMENT 
THE BASIC FLIP-FLOPS. 

THE FUNCTION TABLE EXERCISES ALL INPUTS ANU TESTS BASIC FUNCTION 
PERFORMANCE. PALASM EXERCISES THE FUNCTION TABLE TO SIMULATE THE 
BASIC CLOCKED FLIP-«^LOPS. 

P7002 

THIS PAL PROVIDES m SINGLE CHIP DECODER FOR USE IN MEMORY MAPPED 
1/0 OPEBATIONU. EtUATlON TERMS CAN BE CHANGED TO ACCOMMODATE ANY 
16-DIT ADDRESS. 

THE PAL WILL MONITOR THE SYSTEM MEMORY ADDRESS BUS AND DECODE THE 
SPECIFIED MEMORY ADDRESS WORD (1F78,1F79) TO PRODUCE A PORT 
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ENABLE PIN FOR PORTO AND PORTl . 



P7003 

THIS DEVICE PROVIDES THE INTERFACE LOGIC BETWEEN A 6800 
HJCROPBESSOR BUS AND FOUR STATIC 4k MEMORY CHIPS. ADDRESS BUS 
(A), READ/WRITE (RW) , PHASE 2 CLOCK (PHASE2), AND VALID MEMORY 
ADDRESS (VPHASE2) ARE DECODED TO PRODUCE THE PROPER WRITE ENABLE 
(WtOE) , CHIP ENABLE (CE) , AMD OUTPUT DISABLE (CSOD) SIGNALS FOR 
MEMORY DATA TRANSFERS. 

NOTE THAT /CEO AND /CEl ARE THE COHPLMUitJTS CF CSODO AND CSODl , 
RESPECTIVELY. THESE FUNCTIONS ARE IMPLEMENTED BY THE EXTERNAL 
CONNECTIONS CSODO TO PIN 9 AND CSODl TO PIN 11. 

P7004 

THIS PAL REPLACES ALL OF THE TTL LOGIC USED ON A VIDEO DRIVER 
BOARD (5 IC6) TOGETHER WITH 4 PULL-UP RESISTORS. 

P7005 

THE FUNCTION OF THIS PAL IS TO CONVERT A SERIAL STREAM OF BINARY 
DATA INTO A PARALLEL BCD REPRESENTATION. AFTER EACH CLOCK PULSE, 
THE HCD OUTPUT CONTAINS THE CORRECT BCD REPRESENTATION FOR THE 
RELA'JIVE BINARY DATA SHIFTED SO FAR. 

THE INPUT BINARY DATA IS SHIFTED LEFT (STARTING KITH THE MSB) 
INTO THE BCD REGISTER. THIS TECHNIQUE IS KNOKN AS COULEUB'S 
TECHNIQUE (BIDEC) . THE COMBITORIAL NETWORK IS DESIGNED FROM THE 
FOLLOWING NEXT-STATE TABLE: 



1 PRESENT 
1 STATE 
1 B3-B0 


1 NEXT 
1 STATE 
1 B3-B0 


1 

COUT 1 

1 


I 0-4 
1 5-9 
1 10-15 


1 0-8 
1 0-8 
1 X 


1 

1 1 
X 1 



P7006 

THE SYSTEM DETECTS THE BEGINNING AND THE END OF A SIGNAL WHICH IS 
DISTURBED BY GLITCHES. 



P7007 

THE DUAL MODULO-SIX COUNTER INCREMENTS ON THE RISING EDGE OF OHE 
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CLOCK (CK) . THE THKKt-STATE OUTPUTS ARE HIGH-Z WHEN THE OUTPUT 
CONTROL LINE (/OC) IS HIGH AND ENABLED WHEN THE OUTPUT CONTROL 
LINE (/OC) IS LOW. 

THE "INIT" LINE IS NEEDED TO INITIALIZE THE COUNTER SO THAT THE 
FUNCTION TABLE SIMULATION COULD BE PERFORMED AND THE PART COULD 
BE TESTED AT THE TIME OF FABRICATION. THIS LINE AS WELL AS ALL 
OTHER UNUSED INPUTS SHOULD BE TIED TO GND. 

THERE AUK 36 DIFFERENT STATES TO THE COUNT SEQUENCE. EACH STATE 
CORRESPONDS TO ONE OF THE NUMBER COMBINATIONS TO HE DISPLAYED ON 
THE DICE. 

NOTE THAT THE PINOUT IS CHOSEN TO CONVENIENCE PC BOARD LAYOUT. 

******************************************************************************* 
P7008 

THIS 9-BIT REGISTER LOADS THE DATA (D8-D0) ON THE RISING EDGE OF 
THE CLOCK (CLK) IF THE LOAD LINE (/LD) IS ASSERTED (LOW ON PIN 
11) AND OTHERWISE HOLDS THE ORIGINAL VALUE. 



THE 9-PIT ARCHITECTURE HAKES THIS REGISTER IDEAL FOR PARITY 
INTERFACING IN MICROPROGRAMMED SYSTEMS. 



BUS 



THESE 0PERAT1C)NS ARE EXERCISED 
SUMMARIZED IN OPERATIONS TABLE: 



IN THE FUNCTION TABLE AND 



/OC 


CLK 


/LD 


DB-DO 


Q8-Q0 


OPERATION 


II 

L 
L 


X 
C 
C 


X 
H 
L 


X 
X 
D 


Z 
Q 
D 


HI-Z 
HOLD 
LOAD 



******************************************************************************* 
P7009 

THIS IS AN 8-BlT SYNCHRONOUS REGISTER WITH PARALLEL LOAD, LOAD 
COMPLEMENT, PRESET, CLEAR, AND HOLD CAPABILITIES. FOUR CONTROL 
INPUTS (/LD,POL,/CLR,/PR) PROVIDE ONE OF FOUR OPERATIONS WHICH 
OCCUR SYNCHRONOUSLY WITH THE CLOCK (CLK) . 

THE LOAD OPERAVHiN LOADS THE INPUTS (D7-D0) INTO THE OUTPUT 
REGISTER (Q7-Ct», WHEN POL>=H OR LOADS THE COMPLEMENT OF THE 
INPUTS WHEN POL'].. THE CLEAR (/CLR) OPERATION RESETS THE OUTPUT 
REGISTERS TO ALL LOWS. THE PRESET (/PR) OPERATION PRESETS THE 
OUTPUT REGISTERS TO ALL HIGHS. THE HOLD OPERATION HOLDS THE 
PREVIOUS VALUE REGARDLESS OF CLOCK TRANSITIONS. 

CLEAR OVERRIDES PRESET, PRESET OVERRIDES LOAD, AND LOAD OVERRIDES 
HOLD. 



THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE 
SUMMARIZED IN THE 



AND 
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OPERATIONS TABLE t 

/OC CLK /CLR /PR /LD POL D7-D0 Q7-Q0 OPERATION 



II 


X 


X 


X 


X 


X 


X 


Z 


HI-Z 


L 


C 


L 


X 


X 


X 


X 


L 


CLEAR 


L 


C 


H 


L 


X 


X 


X 


H 


PRESET 


L 


C 


H 


H 


H 


X 


X 


Q 


HOLD 


I. 


c 


H 


II 


L 


H 


D 


D 


LOAD TRUE 


L 


c 


II 


II 


L 


L 


D 


/D 


LOAD COMP 



P7010 

THE I/O PRIORITY INTERRUPT ENCODER PRIOHITISIES 8 I/O LINES (U 

THRU IB) PRODUCING 111 (Q3, Q2, AND Ql RESPECTIVELY) FOR THE 

HIGHEST PRIORITY 1/0 DEVICE (II) AND 000 FOP AN INTERRUPT FROM 
THE LOWEST PRIORITY I/O DEVICE (18). 

OUTPUT Q4 SERVES AS THE INTERRUPT FLAG AND GOES LOW WHEN ANY OF 
THE 8 I/O INPUTS GO HIGH. 

THE PRIORITY INTERRUPT ENCODER REGISTERS ARE UPDATED ON THE 
RISING EDGE OF THE INTERRUPT CLOCK INPUT (CLK) . THE 3-STATE • 
OUTPUTS ARE HIGH-Z WHEN THE OUTPUT CONTROL LINE (/OC) IS LOW. 

**************************************************************************** 
P7011 

FOUR IDENTICALLY PROGRAMMED PAL DEVICES ARE USED TO DRIVE EIGHT 
OF HP'S NUMERIC AND HEX INDICATORS (5082-7340). EACH PAL 
CONSISTS OF TWO FOUR BIT COUNTERS. STAGE 1 IS THE LSB AND STAGE 2 
IS THE MSB. CARRYOUT OF STAGE 1 IS CALLED INTERNAL CARRY (COUTl) 
AND IS FED EXTERNALLY TO STAGE 2. C0UT2 IS FED INTO THE NEXT 
PAL. CARRYOUT AND INTERNAL CARRYS FROM THE LOWER PAL ARE 
CONNECTED TO ALL OF THE HIGHER PAL DEVICES TO PERFORM THE CARRY 
LOOK AHEAD OPERATION. 

THE BCD/HEX COUNTER HAS BUILT IN TESTABILITY. COUTl IS CONNECTED 
TO CIN EXTERNALLY AND CAN FORCE COUTl TO GO HIGH, THUS STAGE 2 
MAY START COUNTING AT THE SAME TIME AS STAGE 1 WHICH REDUCES THE 
NUMBER OF TEST VECTORS IN THE FUNCTION TABLE. 

THIS COUNTER OPERATES AT 10 MHz AND CAN PERFORM THE FOLLOWING 
OPERATIONS : 



HEX 

X 
L 
H 



CLR 



OPERATION 



CLEAR 
COUNT BCD 
COUNT HEX 
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P7012 



TWO IDKNTICALLY PROGKAMMED PAL20X4 CAN PERFORM THE 64K DYNAMIC 
RAN REFRESH CONl'ROL FUNCTION. 

EITHER COLUMN OR ROW ADDRESSES TO THE RAM ARE SELECTED DbPLNDING 
ON ROW ENABLE (ROWEN) . 

AN ADDRESS COUNTER (C3-C0) IS SELECTED DURING REFRESH WHEN ROW 
ENABLE (ROWEN) IS HIGH. 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMERl/ED IN THE OPERATIONS TABLEt 

/OC COUNT REFEN ROWEN 03-00 OPERATION 



II 


X 


X 


X 


Z 


HI-Z 


L 


C 


L 


L 


A3-A0 


SELECT LOW ADDR BITS 


L 


C 


L 


U 


A11-A8 


SELECT UPPER AUUR BITS 


L 


c 


H 


H 


C3-C0 


SELECT REFRESH ADDR BITS 


L 


c 


H 


L 


H 


SET REFRESH COUNTER 



P7013 

THIS PAL TRACKS ALL 14 OF THE VALID STATE TRANSITIONS FOR THE 
SN54/74S516, 16-BIT SEQUENTIAL MULTIPl.IER/DIVIDER/ACCUMULATOH . 
THE PAL MONITORS THE 3-BIT INSTRUCTION LINE (12-10) AND CHIP 
ACTIVATION INPUT (/GO) 1*0 THE 'SSlfi IN ORDER TO PROVIDE THE 4-BIT 
STATE OP THE MACHINE (D,C,B,A) SYNCHRONOUS WITH THE '516 CLOCK 
(CK) . 

THE PAL IS INITIALIZED TO STATE BY DRIVING IMIT HIGH (INIT^H) 
FOLLOWED BY A CLOCK PULSE. HOWEVER IN A SYSTEM WITH THE 'S516, 
THE PAL CAN BE INITIALIZED TO STATE ALONG WITH THE 'S516 BY 
RECEIVING 23 CLOCK PULSES WITH INSTRUCTION CODE 7. 

IN ADDITION TO THE INITIALIZATION PIN (INIT) , TWO OTHER PINS ARE 
INCLUDED TO MAKE IT EASIER TO FUNCTIONAL TEST THE DEVICEt 

SETS - WHEN SETS^HICH, THE MACHINE WILL BE SET TO STATE 8 
SETIO - WHEN SETIO^HIGH, THE MACHINE WILL BE SET TO STATE 10 

NOTICE THAT INIT, SETS, AND SETIO CAN BE CONVENIENTLY TIED TO 
GROUND FOR NORMA:. CIRCUIT OPERATION. ALSO SETIO OVERRIDES SET8. 

OPERATIONS TABLE FOR THE 'S516 STATE COUNTER: 

/OE CK INIT /MODE /GO 12-10 /D-/A OPERATION 

HI-Z 

INITIALIZATION 

FRACTIONAL AHl'lUMMIC K.ODE * 

INTEGER ARITHMETIC MODE * 



l] 


X 


X 


X 


X 


X 


Z 


L 


C 


H 


X 


X 


X 


H 


L 


c 


L 


L 


X 


X 


X 


L 


c 


L 


H 


X 


X 


X 
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HOLD STATE 0, 1, 3, 8, 10, OR 
STATE TRANSITION 



* THIS PAL TRACKS THE 'S516 EXACTLY UNDER ALL CONDITIONS EXCEPT 
WHEN CHAINED INTEGER DIVSION IS TO BE PERFORMED. IN THIS CASE, 
THE /MODE PIN IS CONNECTED TO AN EXTERNAL REGISTER WHICH IS SET 
WHEN THE 'S516 PASSES THROUGH STATE 1 WITH INSTRUCTION CODE 6 
AND CLEARED WHEN THE 'SS16 PASSES THROUGH STATE 1 WITH 
INSTRUCTION CODE 5. IF YOU DO NOT REQUIRE CHAINED INTEGER 
ni VI a JON, TIII:N SIMlM.y CONNECT THE /MODE PIN TO GROUND AND THE 
PAL STATE COUNTER WILL AUTOMATICALLY KEEP TRACK OF THE REQUIRED 
NUMBER OF DIVISION LOOPS FOR THE INTEGER AND FRACTIONAL MODES. 
CONSULT THE SN54/74S516 DATA SHEET FOR MORE INFORMATION ON THE 
INTEGER AND FRACTIONAL ARITHMETIC MODES. 



P7014 

THE ALU ACCUMULATOR LOADS THE A-REGISTER WITH ONE OF EIGHT 
OPERANDS ON THE RISING EDGE OF THE CLOCK. G AND P OUTPUT 
GENERATE AND PROPAGATE ON THE ADD INSTRUCTION. P OUTPUTS OP - 
ZERO ON INSTRUCTIONS 1,2,3,5,6,7. 



OPERATIONS TABLE: 

/OC CLK 13 12 II 10 LIO CIN A3-A0 



OPERATION 



H 


X 


X 


X 


X 


X 


X 


X 


Z 


HI-Z 


A -Z 


L 


C 


L 


L 


L 


L 


X 


L 


A PLUS B 


ADD 


A:sA PLUS B 


L 


c 


L 


L 


L 


L 


X 


H 


A PL B PL 1 


ADD 


A:<=A PLUS B PLUS 


L 


c 


L 


L 


L 


H 


X 


X 


A 


HOLD 


A:>A 


L 


c 


L 


L 


H 


L 


X 


X 


B 


LOAD 


A:-B 


L 


c 


L 


L 


H 


H 


X 


X 


A AND B 


AND 


A:=A*B 


L 


c 


L 


H 


L 


L 


X 


X 


/B 


LOAD COMP 


A!«/B 


L 


c 


L 


H 


L 


H 


X 


X 


A OR B 


OR 


Ai-A4B 


L 


c 


L 


H 


H 


L 


X 


LI 


SL(A) 


SHIFT LEFT 




L 


c 


L 


H 


H 


H 


RI 


X 


SR(A) 


SHIFT RIGHT 




L 


c 


H 


X 


X 


X 


X 


X 


A 


HOLD 


At •'A 


♦ ♦*• 


***«( 


k***< 


k***4 


t***< 


»•••• 


****«i 


»***i 


»•••**••*•*•• 







P7015 

THIS PAL16R4 PROVIDES THE LOGIC LEVELS REQUIRED TO DRIVE TWO 
STEPPER MOTORS IN THE PULL STEP MODE. 

THE FOLLOWING OPERATIONS MAY BE PERFORMED FOR EACH STEPPER MOTOR 
CONTROLLER INDIVIDUALLY: 



CLK /El /E2 



OPERATION 



HOLD MOTOR IN CURRENT POSITION 
HOLD MOTOR IN CURRENT POSITION 
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C L L H X SET OUTPUTS TO STEP 1 LEVELS 

C L L L L STEP I^OTOR CLOCKWISE 

C L L L H STEP MOTOR COUNTEK-CLOCKWISE 

********* ft********************************************************************! 

P7016 
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THIS IS AN EXAMPLE Of A 16-TO-l MULTIPLEXER USING A PAL20C1 . 
BOTH TRUE (Y) AND COMPLEMENT (H) OUTPUTS ARE PROVIDED. THE 
SELECT LINES A,B,C,D ARE ENCODED IN BINARY, WITH A REPRESENTING 
THE LSB AND D REPRESENTING THE MSB. 

OPERATIONS TABLES 



P7017 

THIS IS AN EXAMPLE OF A QUAD 4-TO-l MULTIPLEXER USING A PAL1BL4. 
SELECT LINES A,ll ARK ENCODED IN BINARY, WITH A REPRESENTING THE 
l£B. 

OPERATIONS TABLE: 

INPUT OUTPUTS 
SELECT 
BAY 

L L CO 

L H CI 

H L C2 

U H C3 

P7018 

THIS IS AN EXAMPLE Of A DUAL S-TO-l MULTIPLEXER USING A PAL20L2. 
A STROBE LINE (S) IS PROVIDED TO GATE THE OUTPUTS OFF (Y-H) WHEN 
THE STROBE INPUT IS HIGH. THE SELECT LINES A,B,C ARE ENCODED IN 
BINARY, WITH A REPRESENTING THE ISH, 

OPERATIONS TABLE: 

INPUTS OUTPUTS 

SELECT STROBE 

C H A S Y 



XXX K 

L L L L 

L L H L 

L H L L 

L H H L 

H L L L 

H L H L 

H H L L 

H H H L 



H 

DO 

01 

02 

03 

D4 

05 

06 

07 



P7019 





INPUTS 




OUTPUTS 


SELECT 


LINES 









C 


B 


A 


N 


Y 


L 


L 


L 


L 


/EO 


EO 


L 


L 


L 


H 


/El 


El 


L 


L 


H 


L 


/E2 


E2 


L 


L 


H 


H 


/E3 


E3 


L 


H 


L 


L 


/E4 


E4 


L 


H 


L 


H 


/E5 


ES 


L 


H 


H 


L 


/E6 


E6 


L 


H 


H 


B 


/E7 


E7 


H 


L 


L 


L 


/E8 


E8 


H 


L 


L 


H 


/E9 


E9 


H 


L 


H 


L 


/ElO 


ElO 


H 


L 


H 


H 


/Ell 


Ell 


H 


H 


L 


L 


/E12 


E12 


H 


H 


L 


H 


/E13 


E13 


H 


H 


H 


L 


/E14 


E14 


H 


H 


H 


H 


/E15 


E15 



P7020 

THIS PAL IS AN 8-BIT SHIFT REGISTER WITH PARALLEL LOAD AND HOLD 
CAPABILITY. TWO FUNCTION SELECT INPUTS (10,11) PROVIDE ONE OF 
FOUR OPERATIONS WHICH OCCUR SYNCHRONOUSLY ON THE RISING EDGE OP 
THE CLOCK (CLK) . THESE OPERATIONS ARE: 



/OC CLK II 10 07-00 Q7-Q0 



OPERATION 



H XXX 

L C L L 

L C L H 

L C H L 

L C H H 



X S 

X L 

X SR(Q) 

X SL(Q) 

D 



HI-Z 

HOLD 

SHIFT RIGHT 

SHIFT LEFT 

LOAD 



TWO OH MOKE OCTAL SHIFT REGISTERS MAY BE CASCADED It) PROVIDE 
LARGER SHIFT REGISTERS. RILO AND LIRO ARE LOCATED ON PINS 14 AND 
23 RESPECTIVELY, WHICH PROVIDES FOR CONVENIENT INTERCONNECTIONS 
WHEN TWO OR MORE OCTAL SHIFT REGISTERS ARE CASCADED TO IMPLEMENT 
LARGER SHIFT REGISTERS. 



P7021 
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THIS 4-BIT SHIFT REGISTER/COHPARATOR ACCEPTS POSITIVE NRZ INPUT 
DATA ON THE RISING EDGE OF THE CLOCK (CKf AND PRODUCES A PARALLEL 
OUTPUT (B) WITH A 'COMPARE TRUE PULSE* ON THE NEGATIVE EDGE OP 
THE CLOCK (CLK). 

THE THREE-STATE OUTPUTS (B) ARE HICH-Z WHEN THE OUTPUT CONTROL 
LINE (/OC) IS HIGH AND ENABLED WHEN THE OUTPUT CONTROL LINE (/OC) 
IS LOW. 



P7022 

THE 4-BIT COUNTER LOADS A OR B FROH THE MUX, INCREMENTS, OR HOLDS 
ON THE RISING EDGE OF THE CLOCK. 

/OC CLK II 10 CI A3-A0 B3-B0 Q3-Q0 OPERATION 



u 


X 


X 


X 


X 


X 


X 


z 


Hl-Z 


L 


C 


L 


B 


X 


H 


X 


8 


BOAD A 


L 


C 


H 


L 


X 


X 


B 


B 


LOAD B 


L 


C 


H 


H 


L 


X 


X 


Q 


HOLD 


L 


C 


H 


H 


H 


X 


X 


Q PLUS 1 


INCREMENT 



•**«*••• ft********************************************************************! 

P7023 

THIS IS AN 8-BIT SYNCHRONOUS COUNTER WITH PARALLEL LOAD, CLEAR, 
AND HOLD CAPABILITY. THE LOAD OPERATION LOADS THE INPUTS (D7-D0) 
INTO THE OUTPUT REGISTER (Q7-Q0) . THE CLEAR OPERATION RESETS THE 
OUTPUT REGISTER TO ALL LOWS. THE HOLD OPERATION HOLDS THE 
PREVIOUS VALUE REGARDLESS OF CLOCK TRANSITIONS. THE INCREMENT 
OPERATION ADDS ONE TO THE OUTPUT REGISTER WHEN THE CARRY-IN IS 
TRUE (/CI-L) , OTHERWISE THE OPERATION IS A HOLD. THE CARRY-OUT 
(/CO) IS TRUE (/CO-L) WHEN THE OUTPUT REGISTER (Q7-Q0) IS ALL 
BIGHS, OTHERWISE FALSE (/CO-H) . 



THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE 
8UNHARISED IN THE OPERATIONS TABLES 



AND 



/OC CLK II 10 /CI D7-D0 07-QO 



OPERATION 



H 


X 


X 


X 


X 


X 




Z 


HI-Z 


L 


C 


L 


L 


X 


X 




L 


PLEAR 


L 


r 


J, 


H 


X 


X 







HOLD 


L 


C 


u 


L 


X 


D 




D 


LOAD 


L 


C 


u 


H 


H 


X 




Q 


HOIJ) 


L 


C 


H 


H 


L 


X 


Q 


PLUS 1 


INCREMENT 



TWO OR MORE OCTAL COUNTERS MAY BE CASCADED TO PROVIDE LARGER 
COUNTERS. THE OPERATION CODES WERE CHOSEN SUCH THAT WHEN II IS 
HIGH, 10 MAY BE USED TO SELECT BETWEEN LOAD AND INCREMENT AS IN A 
PROGRAM COUNTER (JUMP/INCREMENT) . ALSO, CARRY-OUT (/CO) AND 



CARRY-IN (/CI) ARE LOCATED ON PINS 14 AND 23 RESPECTIVELY, WHICH 
PROVIDES FOR CONVENIENT INTERCONNECTIONS WHEN TWO OR MORE OCTAL 
COUNTERS ARE CASCADED TO IMPLEMENT LARGER COUNTERS. 

P7024 

THIS PAL IS AN B-BIT SYNCHRONOUS UP/DOWN COUNTER WITH PARALLEL 
LOAD AND HOLD CAPABILITY. THREE FUNCTION SELECT INPUTS 
(/LD,/UD,/CBI) PROVIDE ONE OF FOUR OPERATIONS WHICH OCCUR 
SYNCHRONOUSLY ON THE RISING EDGE OF THE CLOCK (CLK). THE LOAD 
OPKRATION LOADS THE INPUTS (07-DO) INTO THE OUTPUT REGISTERS (07- 
00) . THE HOLD OPERATION HOLDS THE PREVIOUS VALUE KECARDLESS OF 
CLOCK TRANSITIONS. THE INCREMENT OPERATION ADDS ONE ^C THE OUTPUT 
REGISTER WHEN CARRY-IN INPUT IS TRUE (/CBI-L) , OTPERWISB THE 
OPERATION IS A HOLD. THE CARRY-OUT (/CBO) IS TRUE (/CBO«L) WHEN 
THE OUTPUT REGISTER (Q7-(20) IS ALL HIGHS, OTHERWISE PAI^E 
(/CBO=H) . THE DECREMENT OPERATION SUBTRACTS ONE FROM THE OUTPUT 
REGISTER WHEN THE BORROW-IN INPUT IS TRUE (/CBI«L) , OTHERWISE THE 
OPERATION IS A HOLD. THE BORROW-OUT (/CBO) IS TRUE (/CBO-L) WHEN 
THE OUTPUT REGISTER (Q7-Q0) IS ALL LOWS, OTHERWISE FALSE 
(/CBO-H) . 



THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE 
SUMMARIZED IN THE OPERATIONS TABLE t 



AND 



/OC CLK /LD /UD /CBI D7-D0 Q7-Q0 



OPERATION 



H 


X 


X 


X 


X 


X 


z 




HI-Z 


L 


C 


L 


X 


X 


D 


L 




LOAD 


L 


C 


H 


L 


H 


X 







HOLD 


L 


c 


H 


L 


L 


X 


Q PLUS 


1 


INCREMENT 


L 


c 


H 


H 


H 


X 


Q 




HOLD 


L 


c 


H 


H 


L 


X 


Q MINUS 


1 


DECREMENT 



THIS OCTAL COUNTER IS IMPLEMENTED WITH A SINGLE PAL20X8. 
CARRY/BORROW-OUT (/CBO) AND CARRY/BORROW- IN (/CBI) ARE LOCATED ON 
PINS 14 AND 23 RESPECTIVELY, WHICH PROVIDES FOR CONVENIENT 
INTERCONNECTIONS WHEN TWO OR MORE OCTAL UP/DOWN COUNTERS ARE 
CASCADED TO IMPLEMENT LARGER COUNTERS. 

P7025 

THE 10-BIT COUNTER CAN COUNT UP, COUNT DOWN, SET, AND LOAD 2 
LSB'S (D0,D1), 2 MSB'S (08,D9) AND 6 MIDDLE BITS (02-7) HIGH OR 
LOW AS A GROUP. 

SET OVERRIDES LOAD (/LD) , COUNT (/CNT) , AND HOLD. LOAD OVERRIDES 
COUNT. COUNT IS CONDITIONAL ON CARRY IN (/CIN) , OTHERWISE IT 
HOLDS . 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMARIZED IN THE OPERATIONS TABLEi 
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/OC CLK SET /LD /CNT /CIN /UP D9-D0 Q9-Q0 



OPERATION 



II 


X 


X 


X 


X 


X 


X 


X 




Z 




HI-2 


L 


C 


H 


X 


X 


X 


X 


X 




H 




SET ALL HIGH 


L 


C 


L 


L 


X 


X 


X 


D 




D 




LOAD D 


L 


C 


L 


H 


H 


X 


X 


X 




Q 




HOLD {/CNT=H) 


L 


C 


L 


H 


L 


H 


X 


X 




Q 




HOLD (/CIN=H) 


L 


C 


L 


H 


L 


L 


L 


X 





PLUS 


1 


INCREMENT 


L 


C 


L 


H 


L 


L 


H 


X 


Q 


MINUS 


1 


DECREMENT 



******************************************************************************** 
P7026 

THE 4-BIT OP/DOWN COUNTER WITH SHIFT REGISTER AND COMPARATOR WILL 
COUNT OP, COUNT DOWN, SHIFT RIGHT, SHIFT LEFT, COMPARE GREATER 
THAN OR EQUAL TO, COMPARE LESS THAN OR EQUAL TO, CLEAR, SET, 
LOAD, OR HOLD AS SPECIFIED BY THE INSTRUCTION LINES (12,11,10) 
AND CLEAR (C|,R) . ALL OPERATIONS OCCUR SYNCHRONOUSLY ON THE 
RISING EDGE OF THE CLOCK (CLK) EXCEPT FOR THE COMPARISION 
OPERATIONS WHICH ARE PERFORMED ASYNCHRONOUSLY AND WITH NO 
INSTRUCTON LINES REQUIRED. 

THE COMPARISION OPERATIONS (/GE AND /LE) WILL COMPARE THE INPUT 
DATA (B) WITH THE DATA IN THE REGISTERS (A) AND SUPPLY THE 
FOLLOWING OUTPUTS* 



I COMPARISION 

I 



I B IS GREATER THAN A 

i B IS EQUAL TO A 

I B IS NOT EQUAL TO A 

I B IS LESS THAT A 



/GE 



/LE 



NOTE THAT BORROW, CARRY, AND SHIFT LEFT AND RIGHT INPUT/OUTPUTS 
SHARE THE SAME I/O LINES (/LIO AND /RIO) AND THESE LINES ARE 
INVERTED (ACTIVE LOW) . 



THESE OPERATIONS ARE EXERCISED IN THE 
SUMMARIZED IN THE OPERATIONS TABLE BELOW: 



FUNCTION TABLE 



AND 



/OC 


CLK 


CLR 


12 


I] 


JO 


B3-B0 


/GE /LE 


/LIO 


/RIO 


A3-A0 


OPERATION 


II 


X 


X 


X 


X 


X 


X 


STATUS 


X 


X 


Z 


HI-Z 


L 


C 


H 


X 


X 


X 


X 


X X 


X 


X 


L 


CLEAR 


L 


C 


L 


L 


L 


L 


X 


STATUS 


X 


X 


A 


HOLD 


L 


C 


L 


L 


L 


H 


B 


X X 


X 


X 


B 


LOAD B 


L 


C 


L 


L 


H 


•j 


X 


STATUS 


RI 


AO 


SR(RIO) 


SHIFT RIGHT 


L 


C 


L 


L 


H 


II 


X 


X X 


Z 


Z 


H 


SET 


L 


C 


L 


H 


L 


L 


X 


STATUS 


Aa 


LI 


SL(LIO) 


SHIFT LEFT 


1. 


C 


L 


H 


L 


H 


X 


X X 


H 


Z 


H 


SET 


L 


C 


L 


II 


H 


L 


X 


STATUS 


COUT 


CIN 


A PLUS 1 


INCREMENT IF CIN 
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P7027 

THE 4-DIT FLASH ANALOG-TO-DIGITAL CONVERTER CONVERTS AN ANALOG 
SIGNAL INTO A 4-BlT GRAY CODE. GRAY CODE IS CHOSEN TO ELIMINATE 
GLITCHES AT BINARY ROLL OVER POINTS. 

THE MAXIUM SAMPLE RATE IS EQUAL TO 1/tpd OF THE PAL20X4. NOTE 
THAT NO FEEDBACK PROPAGATION DELAY IS INTRODUCED. 

******************************************************************************* 
P7028 

THE 4-BIT FLASH DIGITAL-TO-ANALOG CONVERTER CONVERTS A 4-BIT GRAY 
CODE (G) INTO A 4-BIT BINARY CODE (B) , WHICH IS THEN CONVERTED 
INTO ANALOG OUTPUTS (A) . 

ANALOG OUTPUTS (A) ARE EITHER LOW OR HI-Z WHICH ALLOWS THE 
CONDITIONAL THREE-STATE OUTPUTS TO PERFORM THE OPEN COLLECTOR 
FUNCTION THAT IS NEEDED TO DRIVE THE RESISTOR NETWORK. 

P7029 

THIS PAL PERFORMS THE LOGIC NEEDED TO CONVERT AN 8-BIT DIGITAL 
SIGNAL INTO A 256 INCREMENT ANALOG SIGNAL. 

OUTPUTS ARE EITHER LOW OR HI-Z WHICH ALLOWS THE CONDITIONAL 
THREE-STATE OUTPUTS TO PERFORM THE OPEN COLLECTOR FUNCTION THAT 
IS NKKDKD TO DRIVE THE RESISTOR NETWORK. 

P7030 

THE OCTAL COMPARATOR ESTABLISHES WHEN TWO 8-BIT DATA STRINGS (A7- 
AO AND B7-B0) ARE EQUIVALENT (EQ=H) OR NOT EQUIVALENT (NE=H) . 

P7031 

THE DEVICE CONTINUOUSLY COMPARES THE VALUE OF BUS (B3-B0) WITH 
THE VALUE OF THE REGISTER (A3-A0) AND REPORTS THE STATUS ON 
OUTPUTS LT, EQ, NE, AND GTj 

• LT INDICATES THAT B IS LESS THAN A 

• EQ INDICATES THAT B IS EQUAL TO A 

• NE INDICATES THAT B IS NOT EQUAL TO A 

• GT INDICATES THAT B IS GREATER THAN A 

STATUS BUS REG 
/OCl /0C2 Ci:< LOAD CLEAR LT EQ NE GT B3-B0 A3-A0 OPERATION 
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H XXX XXXXX X Z REG HI-Z 

X HXX XZZZZ X X STATUS ill-Z 

L XXL LXXXX X A READ REG 

X XCHLXXXX B B LOAD REG 

X XCL LXXXX X A HOLD 

X XCX HXXXX X L CLEAR REG 

X L X L L STATUS B A COMPARE 

P7032 

THE BETWEEN LIMITS LOGIC CHECKS THE LT, EQ, AND GT STATUS FROM 

THE COMPARATOR REGISTERS TO DETERMINE IF THE DATA IS BETWEEN THE 

UPPER AND LOWER LIMITS LOADED IN THE COMPARATOR REGISTERS. BOTH 

BEIKEEN LIMITS (BTWL) AND OUT OP LIMITS (OUTL) OUTPUTS ARE 
PROVIDED. 

P7033 

THIS IS A MEMORY DECODER FOR A PRINTER. THE PRINTER IS MAPPED TO 
HEX ADDRESS 37E8. THE WRITE OR READ LINES GO HIGH WHEN ADDRESS 
LINES ARE CORRECT AND A WRITE OR READ STROBE RESPECTIVELY IS 
PRESENT. 

THIS IS THE . FIRST IC OF A 2-PAL PRINTER INTERFACE FOR THE 
STANDARD CENTRONICS-TYPE PRINTER. 

******************************************************************************** 
P7034 

REGISTERED DATA FROM THE SYSTEM BUSS IS PRESENTED TO THE PRINTER 
WHEN A WRITE STROBE FROM THE DECODER IS PRESENT (DJPRl). 

PRINTER STATUS DATA (PRINTER BUSY AND OUT OF PAPER) IS TRANSFERED 
TO THE SYSTEM DATA BUSS WHEN A READ STROBE FROM THE DECODER IS 
PRESENT. 

THIS IS THE SECOND IC OF THE 2-PAL PRINTER INTERFACE FOR THE 
STANDARD CENTRONICS-TYPE PRINTER. 

******************************************************************************** 
P7035 

THIS PAL SERVES AS THE MAIN LOGIC UNIT. IT IS THE 8 STATE 
MACHINE WHICH CONTROLS WHERE WE ARE IN THE GAME. IT ALSO DETECTS 
THE WIN AND LOSE STATES. PIN /T IS USED TO INITIATE THE GAME TO 
STATE 000 FOR I.C. TEST EQUIPMENT. 

P7036 

THIS PAL IS A 36 STATE MACHINE USED TO SIMULATE THE EXACT ROLL OF 
THE DICE. THE STATE MACHINE IS SIMILAR TO THE "ELECTRONIC DICE 
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P7037 

THIS PAL DECODES THE 36 STATE MACHINE INTO A BINARY 
REPRESENTATION OF THE ROLL OF THE DICE (2 THRU 12). THERE ARE 36 
POSSIBLE COMBINATIONS FOR THE TWO DICE. THE NUMBERS ARE DECODED 
SO THAT THE PROPER ODDS ARE MAINTAINED FOR THE ROLL OF EACH 
NUMBER. 

P7038 

THIS PAL IS USED TO STORE THE POINT IN THE GAME. IT ALSO DECODES 
THE NUMBERS 2, 7, AND 11 TO BE USED IN DETERMINING WIN OR Ia)ST. 

P7039 

THIS PAL IMPLEMENTS A SIMPLE 2 CHANNEL TRAFFIC SIGNAL CONTROLLER. 
IT IS INTENDED AS AN EXAMPLE IN STATE MACHINE SYNTHESIS. 

P7040 

THIS PAL IS THE SECOND PASS AT THE TRAFFIC SIGNAL CONTROLLER 
IMPLEMENTATION. THE FOLLOWING SUBSTITUTIONS ARE MADE FOR STATE 
VARIABLES Q7-Q0i 

Q7 B REDA - /REDB Q5 •> GRNA Q3 " GRNB 

C6 •= YELA Q4 ■> YELB Q2,Q1,Q0 > COUNTER 

****************************************************************************** 
P7041 

FIRST B-BIT SHIFT REGISTER AND CHECK. 

****************************************************************************** 
P7042 

SECOND 8-BIT SHIFT REGISTER AND CHECK. 

P7043 

THIRD 8-BIT SHIFT REGISTER AND CHECK. 

P7044 

FOURTH 8-BIT SHIFT REGISTER, CHECK, AND SERIAL OUT. 

P7045 
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THIS PAL GENERATES THE 4 CHECK BITS IN A 12 BIT HAMMING CODE WORD 
TO PROVIDE ERROR DETECTION AND CORRECTION ON AN 8 BIT DATA WORD. 

******************************************************************************** 
P7046 

THIS PAL GENERATES THE SYNDROME BITS FOR A 12 BIT HAMMING CODE 
WORD AS A FUNCTION OF THE 8 DATA BITS AND THE 4 CHECK BITS TO 
POINT TO ANY SINGLE BIT IN ERROR. 

******************************************************************************** 
P7047 

THIS PAL PERFORMS ERROR CORRECTION ON BITS B2-B7 BASED ON THE 4- 
BIT ERROR SYNDROME S0-S3. 

******************************************************************************** 

P7048 

THIS PAL PERFORMS ERROR CORRECTION ON BITS BO-Bl AND CHECKS BITS 
C0-C3 BASED ON THE 4 BIT ERROR SYNDROME S0-S3. 

******************************************************************************** 

P7049 

THE DOT GENERATOR PROVIDES THE OSCILLATOR/CLOCK DRIVER, THE DOT 
SHIFT REGISTER AND THE 3-BlT DOT COUNTER. IT IS LOADED WITH THE 5 
DOTS GENERATED BY THE CHARACTER GENERATOR. THESE DOTS ARE SHIFTED 
OUT THROUGH A SHIFT REGISTER, ONE DOT AT A TIME AND DISPLAYED ON 
THE SCREEN. "DTCNT" COUNTS UNTIL 8: 5 COUNTS FOR THE CHARACTER 
AND 3 COUNTS FOR SPACE BETWEEN CHARACTERS. 

THE 20X8 IS A REGISTERED PAL. DATA SHOULD BE VALID AND STABLE ON 
THE INPUT PINS ONE CYCLE BEFORE IT APPEARS ON THE OUTPUT PINS. 
THE REGISTER IS TRIGGERED ON THE RISING EDGE OF THE CLOCK AND THE 
DATA IS AVAILABLE ON THE OUTPUT PINS DURING THE NEXT CLOCK CYCLE. 

"DTCNT" CAN BE INITIALIZED, CAN COUNT AND CAN HOLD. 

"HBLANK" IS A SIGNAL FOR THE END OF ONE DOT LINE (48 CHARACTERS). 

"LINE4" IS SET WHEN 16 LINES ARE DISPLAYED ON THE SCREEN. 

"SCAN3" IS SET Wil.iiJ 7 DOT LINES ARE DISPLAYED. 

"DOT" IS A SHIFT REGISTER. IT CAN BE LOADED OR CAN SHIFT LEFT. 

WHEN "LINE4" AND/CR "SCAN3" ARE SET, "DOT" SENDS BLANK DOTS TO 
THE SCREEN FOR GEKl MATING SPACES BETWEEN CHARACTER LINES AND FOR 
THE MARGINS OF THE SCREEN. THE OUTPUT FROM THE REGISTER TO THE 
SCREEN IS THROUGH "D0T4" . 

A******************************************************************************' 

P7050 



"CHAR" AND "CURS" COUNT THE NUMBER OF CHARACTERS PER LINE. THEY 
ARE ALSO USED AS POINTERS TO THE RAM. "CURS' IS USED WHEN A 
CHARACTER IS WRITTEN INTO THE RAM AND "CHAR" KHEN A CHARACTER IS 
RhAD FROM THE RAM. "CURS" IS ALWAYS POINTED TO THE NEXT AVAILABLE 
LOCATION IN THE RAM WHERE A NEW CHARACTER CAN BE STORED. 

"CHAR" IS INCREMENTED AT THE END OF B PIXELS MEANING IT COUNTS 
AFTER EACH CHARACTER. IT COUNTS FROM TO 63 ALTHOUGH ONLY 48 
CHARACTERS ARE VISIBLE. THE HORIZONTAL SYNC PUI.SE IS GIVEN 
Hl.TWEEN CHARACTERS 56 AND 69. DURING THE COUNTS OF CHAR FROM 48 
TO 63, BLACK SIGNALS ARE TRANSMITTED TO THE SCREEN. "CURS" IS 
INCKEHENTED FOR ANY OPERATION ON THE KEY BOARD. THE TWO POINTERS 
USE THE RAM IN INTERLIVED FASHION. READ IS DONE EVERY CYCLE, BUT 
KRITE IS DONE ONLY WHEN A WRITE SIGNAL IS GIVEN. THE WRITE SIGNAL 

15 SET WHEN A NEW CHARACTER ENTERS THE SYSTEM THROUGH THE RS232 
PORT. 

THE FUNCTION TABLE ABOVE DESCRIBES OPERATIONS OF READ AND WRITE 
FOR A CERTAIN LINE. WHEN THIS LINE WAS PRINTED, 6 4 CHARACTERS 
WERE READ AND 15 CHARACTERS WERE WRITTEN. 

SIGNALS CHARO, CURSO , SWAPC, WRITE AND INCSCR ARE DERIVED IN PAL 
VP8. 

P7051 

EACH CHARACTER ON THE SCREEN CONSISTS OF 12 DOT LINES: 7 LINES 
FOR THE CHARACTER AND 5 LINES FOR SPACE BETWEEN CHARACTERS. THE 
FOLLOWING FK4URE SHOWS THE LETTER "U" AND THE SPACE WITH ALL THE 
PIXELS AROUND IT AS IT IS DISPLAYED BY THE VIDEO CONTROLLER. 

"SCAN" IS A MODULE 12 COUNTER THAT COUNTS THE NUMBER OF THE DOT 
LINES FOR EACH CHARACTER. 

"LINE" COUNTS THE NUMBER OF THE CHARACTER LINES. EACH CHARACTER 
LINE IS 12 SCAN LINES. THE COUNTER COUNTS UNTIL 21 ALTHOUGH ONLY 

16 LINES ARE VISIBLE ON THE SCREEN. 

THE HORIZONTAL SYNC PULSES ARE GIVEN IN EVERY SCANNED LINE 
BETWEEN CHAR 52 AND 55. THE VERTICAL SYNC PULSE IS GIVEN WHEN THE 
LINE COUNT IS 19, SCAN IS BETWEEN AND 3, AND CHAR IS BETWEEN 48 
AND 51. 

THE NEXT FIGURE SHOWS THE SCREEN WITH THE CORRESPONDING LINE AND 
CHAR COUNTERS, AND THE SYNC PULSES. 

P7052 

"SCROL" AND "LINES" ARE COUNTERS AND POINTERS TO THE RAM. "LINES" 
IS A POINTER TO THE LINE THAT IS READ FROM THE PAN. "SCROL" IS A 
POINTER TO THE LOCATION IN THE RAH WHERE A NEW LINE CAN BE 
STORED. BOTH OF THEM COUNT UP TO A MAXIMUM OF 16 LINES. 
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THE BIT "SWAP" ENABLES THE TWO COUNTERS TO TALK TO THE SAME 
ADDRESS LINES OP THE RAH. 

THE NEXT FIGURE SHOWS ALL THE POINTERS THAT HAVE BEEN DESCRIBED. 

•W" MEANS WRITING INTO THE RAM, "R" MEANS READING FROM THE RAM 
AND "C" IS A TEMPORARY POINTER. 

P7053 

THIS PAL GENERATES THE BAUD HATE, THE VIDEO AND THE SYNC SIGNALS 
WHICH ARE COMBINED AT THE OUTPUTS TO FORM THE COMPOSITE VIDEO 
SIGNAL, AND THE "UEN" SIGNAL WHICH ENABLE THE "UART". 

EVERY CHARACTER CONSISTS OF 10 BITS: 1 START BIT, 7 ASCII CODE 
BITS. 1 PARITY BIT, AND 1 STOP BIT. THE CHARACTER RATE IS 9600 
Hz. EACH BIT IS DIVIDED INTO 8 SMALL BITS SO THE NUMBER OF BITS 
PER SECOND REQUIRED FOR OUR SYSTEM IS 9600*8 - 76800 OR 76800 Hz. 

T > 1/76800 « 13 MICROSECOND 

THE CLOCK FREQUENCY IS 8000000 HZ. „ .„. „^ ,,r.«cn.n.P > 

WE NEED TO DIVIDE THE CLOCK FREQUENCY BY 104 TO GENERATE A 
FREQUENCY OP 76800 Hz. 

8000000/76800 « 104 - 13*8 

•DTCNT" COUNTS 8, AND "BAUD" COUNTS 13. TO GET 104 COUNTS WE NEED 
TO COUNT FROM TO 103. BECAUSE THERE IS ONE CLOCK CYCLE DELAY 
UNTIL THE DATA IS AVAILABLE ON THE OUTPUT PINS (REGISTERED PAL), 
MODULE 104 IS DETECTED BY COUNT 102 WHICH IS EQUAL TO 102/8 - 12 
6/8. 

•.••••••»•*•.••*•••••*••*••******••*•**•**•*******•*•**•***••***•************• 

P7054 

THE -UART' SHIFT REGISTER IS A SEVEN BIT REGISTER FOR THE SEVEN 
BIT ASCII CODE. THE INFORMATION ENTERS THE SHIFT REGISTER IN D6 , 
ONE BIT AT A TIMS. IT COMES THROUGH RXD PIN WHICH IS THE TRANSMIT 
nH THE RECEIVE LINE OF THE RS232. THE OUTPUTS ARE TRANSFERED IN 
pJrIlJe?. TO tSe RAM. -UEN- ENABLES TREE STATE FOR THESE OUTPUTS. 

Ken BITS n6ANnD5 Together in the ascii code are zeroes or when 

THE -CLRLIN- HIT IS SET, A "SPACE" CODE IS SHIFTED INTO THE 
-UAKT" HKGISTfcl!. THE SPACE CODE PRINTS A BLANK SPACE ON THE 
SCKEKN. "SPACE" IM ASCII CODE IS 0100000 - 20 HEX. 

•***•••*•♦.**•**•*•••****••*•*••******•*•*•**•**••************•**•***•***•**** 

P7055 

"BC" IS A COUNTER FOR THE ASCII CODE BITS. A SAMPLE FROM EACH 

ASCII BIT IS TAKES WHEN "DET" -J. 

THE -START" SIGNAL IS SET WHEN A START BIT IS DETECTED ON THE RXD 
LINE AND RtMAlNS SET UNTIL THE LAST ASCII BIT OF THE CHARACTER 
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THAT IS SAMPLED. AFTER ALL THE 7 BITS OF THE ASCII CODE WERE 
SAMPLED, A WRITE SIGNAL IS SENT TO THE RAM AND THE 7 BITS (A CODE 
FOR A CHARACTER) ARE WRITTEN IN PARALLEL INTO THE RAM. 

WHEN "BC" COUNTS 8 THE "READY" SIGNAL GOES HIGH, "START" GOBS LOW 
AND READY TO BE SET AGAIN IF A NEW START BIT IS DETECTED. A NEW 
CODE FOR A NEW CHARACTER WILL START TO BE SAMPLED. 

BUT ASSUME THAT A NOISE OCCURS ON THE RXD LINE WHICH SET TUB 
"START" SIGNAL. 

TO DETERMINE IF THIS IS A TRUE OR FALSE START, WE CHECK THt! RXD 
LINE. IF THE RXD LINE IS NOT SET, WE KNOW THAT NO CHARACTER WAS 
SENT ON THE RS232 LINE) THEREFORE, A NOISE/FALSE SI'iNAL WAS 
DETECTED. 

ERROR ANALYSIS FOR SAMPLING 



SINCE BOTH A TRANSMITTER AND A RECEIVER ARE USED IN OBTAINING 
INFORMATION, AN ERROR CAN OCCUR THAT INVOLVES BOTH OP THESE 
COMPONENTS. ASSUMEt ERROR IN TRANSMITTING FREQUENCY •> EX 

ERROR IN RECEIVING FREQUENCY > ER 
THEN THE TOTAL ERROR FOR ONE BIT OF INFORMATION IS (EX * ER) AND 
THE TOTAL ERROR FOR THE N'TI) BIT OF INFORMATION IS N*(EX * ER) . 

WHEN COUNTER "DET" IS EQUAL 3, WE HAVE THE IDEAL BIT FOR 
SAMPLING. THE MAXIMUM ERROR THAT IS ALLOWED DUE TO THE TOLERANCES 
IN THE FREQUENCIES IN BOTH TRANSMITTER AND RECEIVER, WILL BE WHEN 
THE SAMPLE IS TAKEN AT "DET" - OR AT "DET" - 6 , AS SHOWN HERE: 

THE FREQUENCY FOR EACH BIT OF INFORMATION IS 1/960T) Hz (104 
MICROSECOND) . EACH BIT OF INFORMATION IS DIVIDED INTO EIGHT TIME 
SLOTS. 

THE TOTAL ERROR ALLOWED FOR THE 7'TH BIT OP INFORMATION ISt 

7 * (EX + ER) - (1/9600) * (3/8) 

THE TOTAL ERROR ALLOWED FOR ONE BIT OP INFORMATION ISt 

(EX + ER) « 104 • (3/8) * (1/7) -5.5 MICROSECOND 

THE FREQUENCY RATE BETWEEN RS232 AND THE RXD LINE FOR EVERY BIT 
OF INFORMATION SHOULD BE BETWEEN 10150 Hz AND 9130 Hz. 



P7056 

THIS PAL CONTROLS BOTH THE TIMING FOR WRITING A CHARACTER INTO 
THE RAM AND THE TIMING FOR READING A CHARACTER FROM THE RAM. 

"WRITE" IS A SIGNAL THAT DATA IS AVAILABLE AND CAN BE WRITTEN 
INTO THE RAM WHEN "DTCNT" IS BETWEEN AND S. 



(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 



Appendix 0: PAL Design File Library 



page D-25 



Appendix Dt PAL Design Fiie Library 



page D-26 



"SWAP" AND "SWAPC" SWAP POINTEKS TO ENABLE WRITING AND READING BY 
ADDHESSING THE KAN THROUGH THE SAME ADDRESS LINES. 

"UEN" ENABLES THE UART . 

"WE" WRITES TO THE RAH THE DATA THAT IS IN THE UART REGISTER. 

"INCSCR" IS A SIGNAL THAT DETECT LINEFEED AND 48 CHARACTERS PER 
LINE. 

"CLRLIN" ERASES EARLIER INFORMATION AND ALLOWS TO WRITE TO THAT 
LOCATION. WHEN THE "l.F" KEY IS PUSHED, THE CLRLIN SIGNAL IS SET. 
IT REMAINS SET AS LONG AS A WRITE IS DONE TO THIS LOCATION. 

"H255" DETECTS END OP LINE. 

"HDLANK" BLANK OUT THE SCREEN WHEN "CHAR" IS BETWEEN 4B AND 63. 

******************************************************************************** 
P7057 

THIS IS A 4-DIT SERIAL SWITCH WHICH CONNECTS ANY INPUT (D) TO ANY 
OR ALL OUTPUTS (Y) IN ANY COMBINATION. A STROBE LINE (S) IS 
PROVIDED TO GATE THE OUTPUTS OFF (Y=H) WHEN THE STROBE INPUT IS 
HIGH. THE SWITCH LINES (S3-0) ARE ENCODED IN BINARY WITH S-0 
REPRESENTING THE LSB. 

******************************************************************************** 

P7058 

THE 4-BIT SHIFTER ACCEPTS A 4-BIT DATA WORD (D) AND SHIFTS THE 
WORD 0, 1, 2, OR 3 PLACES TO OUTPUTS (Y) . THE NUMBER OF PLACES 
TO BE SHIFTED IS DETERMINED BY TWO CONTROL LINES (11,10) WHICH 
ARE ENCODED IN BINARY WITH 10 REPRESENTING THE LSB. A STROBE 
LINE (S) IS PROVIDED TO GATE THE OUTPUTS OFF (Y=H) WHEN THE 
STROBE INPUT IS HIGH. 



OPERATIONS TABLE: 

S 11 10 D3-D-3 Y3-Y0 



OPERATION 



H 


X 


X 


X 


L 


L 


L 


D 


L 


L 


H 


D 


L 


H 


L 


D 


L 


H 


H 


D 



H STROBE HIGH 

D NO SHIFT 

S(D)1 SHIFT 1 PLACE 

S(D)2 SHIFT 2 PLACES 

S(D)3 SHIFT 3 PLACES 



P7059 

THIS IS AN e-BIT SYNCHRONOUS DOWN COUNTER WITH PARALLEL LOAD, 
PRESET, AND HOLD CAPABILITY. THE LOAD OPERATION LOADS THE INPUTS 
(D7-D0) INTO THE OUTPUT REGISTER (07-QO) . THE PRESET OPERATION 
SETS THE OUTPUT REGISTER TO ALL HIGHS. THE HOLD OPERATION HOLDS 
THE PREVIOUS VALUE REGARDLESS OF CLOCK TRANSITIONS. THE DECREMENT 
OPERATION SUBTRACTS ONE FROM THE OUTPUT REGISTER WHEN THE BORROW 
IN IS TRUE (/BI=L) , OTHERWISE n HE OPERATION IS A HOLD. THE 
BORROW-OUT (/BO) IS TRUE (/BO=L) WHEN THE OUTPUT REGISTER (Q7-Q0) 
IS ALL LOWS, OTHERWISE FALSE (/BO=H) . 



THESE OPERATIONS ARE EXERCISED 
SUMMARIZED IN THE OPERATIONS TABLE: 



IN THE FUNCTION TABLE AND 



/OC CLK II 10 /BI D7-D0 Q7-Q0 



OPERATION 



H 


X 


X 


X 


X 


X 




Z 


HI-Z 


L 


C 


L 


L 


X 


X 




H 


PRESET 


L 


C 


L 


H 


X 


X 




Q 


HOLD 


L 


C 


H 


L 


X 


D 




D 


LOAD 


L 


C 


H 


H 


H 


X 




Q 


HOLD 


L 


C 


H 


H 


L 


X 


Q 


MINUS 1 


DECREMENT 



TWO OR MORE OCTAL DOWN COUNTERS MAY BE CASCADED TO PROVIDE LARGER 
COUNTEPS, THE OPERATION CODES WERE CHOSEN SUCH THAT WHEN II IS 
HIGH, 10 MAY BE USED TO SELECT BETWEEN LOAD AND DECREMENT AS IN A 
BUS ADDRESSER (JUMP/DECREMENT) . ALSO BORROW-OUT (/BO) AND BORROW- 
IN (/BI) ARE LOCATED ON PINS 14 AND 23 RESPECTIVELY WHICH 
PROVIDES FOR CONVENIENT INTERCONNECTIONS WHEN TWO OR MORE OCTAL 
DOWN COUNTERS ARE CASCADED TO IMPLEMENT LARGER DOWN COUNTERS. 

***************************************************************************** 
P7060 

THIS PAL DESIGN SPECIFICATION DESCRIBES A 4-BIT COUNTER WITH A 4- 
BIT TRANS-PARENT LATCH. THE LATCH OUTPUTS (Y3-YC) VU l.L FOLLOW 
EITHER THE DATA INPUTS (D3-D0) OR THE COUNTER STATES (Q3-Q0) , 
DEPENDING ON THE SELECT LINE (SEL) , PPOVIDING THE LATCH ENABLE IS 
TRUE (/LEN=L). THE OUTPUTS WILL BE LATCHED AT THE LEVEL OF THE 
INPUTS WHICH WERE SELECTED WHEN THE LATCH ENABLE IS FALSE 
(/LEN=H) . 

THE COUNTER IS FULLY SYNCHRONOUS WITH THE RISING EDGE OF THE 
CLOCK (CLK) AND CAN BE SYNCHRONOUSLY LOADED FROM THE LATCH 
OUTPUTS. A SYNCHRONOUS OVERRIDING CLEAR (/CLP) IS ALSO PROVIDED. 



TWO OR MORE 4-BIT SHIFTERS MAY BE CONNECTED TO IMPLEMENT LARGER 
SHIFTERS. SHIFTING CAN BE LOGICAL, WITH ZEROES PULLED IN AT 
EITHER OR BOTH END3 OF THE SHIFTING FIELDi ARITHMETIC, WHERE THE 
SIGN BIT IS REPEATED DURING A SHIFT DOWN) OR END AROUND, WHERE 
THE DATA WORD FORMS A CONTINUOUS LOOP. 



OPERATIONS TABLE; 



CLK 



-COUNTER CONTROL- —LATCH CONTROL— 
/OC /CLR /LD /CNT /LOC /LEN SEL /CI 



DATA CNTR LATCH 
D3-D0 Q3-D0 Y3-Y0 



OPERATION 



HI-Z (COUNTER 
CLEAR 
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c 


L 


H 


H 


H 


X 


X 


X 


X 


X 




Q X 


c 


L 


L 


L X 


D 


D 


D 




LOAD 


FROM DATA 


c 


L 


H 


H 


H 


X 


X 


X 


X 


X 




Q X 


c 


L 


H 


H 


L 


X 


X 


X 


L 


X 


Q 


PLUS 1 X 


c 


L 


H 


il 


L 


X 


X 


X 


H 


X 




Q X 


X 


X 


X 


X 


X 


H 


X 


X 


X 


X 




X Z 


X 


X 


X 


X 


X 


L 


H 


X 


X 


X 




X y 


X 


X 


X 


X 


X 


L 


L 


L 


X 


D 




X D 


X 


X 


X 


X 


X 


L 


L 


II 


X 


X 




Q Q 



LOAD FROM LATCH 
LOAD FROM DATA 
HOLD 

HOLD 

INCREMENT 

HOLD 

HI-Z (LATCH) 

LATCH OUTPUT 

«EI.F:CT DATA 

SELECT COUNTER 



P7061 

THIS 10-DIT REGISTER LOADS THE DATA (D9-00) ON THE RISING EDGE OF 
THE CLOCK (CLK) imo THE REGISTER (Q9-Q0) . THE DATA IS HELD IN 
THE REGISTER UNTIL THE NEXT POSITIVE EDGE OP THE CLOCK. 



OPERATIONS TABLE: 

/OC CLK 09-DO Q9-Q0 OPERATION 



H 


X 


X 


Z 


HI-Z 


L 


C 


D 


D 


LOAD 


L 


L 


X 


Q 


HOLD 



P7062 

THE 3-TO-8 DEMULTIPLEXER WITH CONTROL STORAGE PROVIDES A 
CONVENTIONAL 8-BIT DENUX FUNCTION COMBINED WITH CONTROL STORAGE 
FUNCTIONSt LOAD TRUE, LOAD COMPLEMENT, HOLD, TOGGLE POLARITY, 
CLEAR, AND PRESET. FIVE INPUTiS (/LD, /CLR, /PR, POL, TOG) SELECT 
ONE OF SIX OPERATIONS WHICH OCCUR SYNCHRONOUSLY WITH THE RISING 
EDGE OF THE CLOCK (CLK) . 

THE LOAD TRUE OPERATION LOADS THE DECODED BINARY INPUTS (A,B,C) 
INTO THE OUTPUT REGISTER (Q7-Q0) WHEN POLARITY IS TRUE (POL-H) . 
THE COMPLEMENT OF THE BINARY INPUTS IS DECODED AND LOADED INTO 
THE OUTPUT REGISTER MIt.U POLARITY IS FALSE (POL=>L) . 

THE HOLD OPFRATION HOLDS THE PREVIOUS VALUE IN THE REGISTER WHEN 
1-(K:(:|.K li; FAl.SE (VOGuL) REGARDLESS OF CLOCK TRANSITIONS. THE 
TOGGLE POLAKliy I'l'MtATION TOGGLES THE POIJVKITY OF THE DATA IN THE 
OUTPUT REGISTER WHEN l-OGGLB IS TRUE (TOG'H) . 

THE CLEAR (/CLR) OPERATION RESETS THE OUTPUT REGISTER TO ALL 
LOWS. THE PRESET (/PR) OPERATION PRESETS THE OUTPUT REGISTER TO 
ALL HIGHS. NOTE THAT CLEAR OVEHRlbhS PRESET, PRESET OVERRIDES 
IX>AD, AND LOAD OVERRIDES HOLD. 

THE POLARITY OF "POL" MAY BE CHANGED IN THE LOGIC EQUATIONS TO 



SUIT SPECIFIC APPLICATIONS SO THAT CERTAIN OUTPUT POLARITIES ARE 
ASSERTIVE HIGH WHILE OTHERS ARE ASSERTIVE LOW. 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMARIZED IN THE OPERATIONS TABLE: 

CONTROL FUNCTIONS POLARITY INPUTS OUTPUTS 

/OC CLK /CLR /PR /LD POL TOG ABC Q7-Q0 OPERATION 



H 


X 


X 


X 


X 


X 


X 


X 


z 


ni-z 


L 


C 


L 


X 


X 


X 


X 


X 


L 


CLEAR 


L 


C 


H 


L 


X 


X 


X 


X 


II 


PRFSKT 


L 


C 


H 


H 


L 


H 


X 


I 


MUX 


LOAD TRUE 


L 


C 


H 


H 


L 


L 


X 


I 


/MUX 


LOAD COMP 


L 


C 


H 


H 


H 


X 


L 


X 


Q 


HOLD 


L 


C 


H 


H 


H 


X 


H 


X 


/Q 


T0(;GLE POLARITY 




t«**** 


**•**< 


k***< 


»****< 


k***** 











P7063 

THE 9-BIT SYNCHRONOUS COUNTER HAS PARALLEL LOAD, INCREMENT, AND 
HOLD CAPABILITIES. DATA (D8-D0) IS LOADED INTO THE OUTPUT 
REGISTER (Q8-Q0) WHEN THE LOAD INPUT IS TRUE (/LO«L) AND A 
POSITIVE EDGE PULSE IS RECEIVED ON THE CLOCK PIN (CLK) . THE 
COUNTER WILL INCREMENT IF A CLOCK PULSE IS RECEIVED WITH THE LOAD 
INPUT BEING FALSE (/LD«H) . THE OPERATION IS A HOLD IF NO CLOCK 
PUI.SE IS RECEIVED REGARDLESS OF ANY OTHER INPUTS. 

THE CARRY OUT PIN (/CO) SHOWS HOW TO IMPLEMENT A CARRY OUT USING 
A REGISTER BY ANTICIPATED ONE COUNT BEFORE THE TERMINAL COUNT IF 
COUNTING AND THE TERMINAL COUNT IP LOADING. 



OPERATIONS TABLE: 



/Oq CLK /LD DB-DO Q8-Q0 



OPERATION 



H 


X 


X 


X 


Z 


HI-Z 


L 


L 


X 


X 


Q 


HOLD 


L 


C 


L 


D 


D 


LOAD 


L 


C 


H 


X 


Q PLUS 1 


INCREMENT 



P7064 

THE lO-DIT COMPARAl'OR ESTABLISHES WHEN TWO 10-DIT DATA STRINGS 
(A9-B0 AND B9-B0) ARE EQUIVALENT (EQ-H) OR NOl' EQUIVALENT (NE«H) . 

P7065 

THIS PAL IS A 6-BIT SHIFT REGISTER WITH PARALLEL LOAD AND HOLD 
CAPABILITY. TWO FUNCTION SELECT INPUT (10,11) PROVIDE ONE OF FOUR 
OPERATIONS WHICH OCCUR SYNCHRONOUSLY ON THE RISINC l.DUH OF THE 
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CLOCK (CLK) . THESE;: OPEKATIONS AREi 
/OC CLK II 10 DS-DO Q5-Q0 



OPERATION 



11 


X 


X 


X 


X 


Z 


HI-Z 


L 


C 


L 


L 


X 


L 


HOLD 


L 


C 


L 


H 


X 


SR(Q) 


SHIFT RIGHT 


L 


C 


H 


L 


D 


SL(Q) 


SHIFT LEFT 


L 


C 


H 


H 


D 


D 


LOAD 



TWO OR MORE 6-DIT SHIFT REGISTERS MAY BE CASCADED TO PROVIDE 
LARGER SHIFT REGISTERS. RILO AND LIRO ARE LOCATED ON PINS 12 AND 
19 RESPECTIVELY, WHICH PROVIDES FOR CONVENIENT INTERCONNECTIONS 
WHEN TWO OR MORE 6-BIT SHIFT REGISTERS ARE CASCADED TO IMPLEMENT 
LARGER SHIFT REGISTERS. 

P7066 

THIS IS AN 6-DIT SYNCHRONOUS COUNTER WITH PARALLEL LOAD, PRESET, 
AND HOLD CAPABILITY. THE LOAD OPERATION LOADS THE INPUTS (D5-D0) 
INTO THE OUTPUT REGISTER (Q5-Q0) . THE PRESET OPERATION SETS THE 
OUTPUT REGISTER TO ALL HIGHS. THE HOLD OPERATION HOLDS THE 
PREVIOUS VALUE REGARDLESS OF CLOCK TRANSITIONS. THE INCREMENT 
OPERATION ADDS ONE TO THE OUTPUT REGISTER WHEN THE CARRY-IN IS 
TRUE (/CI=L), OTHERWISE THE OPERATION IS A HOLD. THE CARRY-OUT 
(/CO) IS TRUE {/CO=L) WHEN THE -OUTPUT REGISTER (Q5-Q0) IS ALL 
HIGHS, OTHERWISE FALSE (/CO»U) . 



THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE 
5UMMAKI2ED IN THE OPERATIONS TABLE.: 



AND 



/OC CLK II 10 /CI D5-D0 Q5-Q0 



OPERATION 



H 


X 


X 


X 


X 


X 




z 


HI-Z 


L 


c 


L 


L 


X 


X 




H 


PRESET 


L 


c 


L 


H 


X 


X 




Q 


HOLD 


L 


c 


H 


L 


X 


D 




D 


LOAD 


L 


c 


H 


K 


H 


X 




Q 


HOLD 


L 


c 


H 


H 


L 


X 


Q 


PLUS 1 


INCREMENT 



TWO OR MORE 6--DIT COUNTERS HAY BE CASCADED TO PROVIDE LARGER 
COUNTERS. THE CPCRATION CODES WERE CHOSEN SUCH THAT WHEN II IS 
HIGH, 10 MAY BE USED TO SELECT BETWEEN LOAD AND INCREMENT AS IN A 
PROGRAM COUNTER ( JUMP/INCRLMENT) . ALSO, CARRY-OUT (/CO) AND 
CARRY-IN (/CI) ARE LOCATED ON PINS 12 AND 19 RESPECTIVELY, WHICH 
PROVIDES FOR CONVENIENT INTERCONNECTIONS WHEN TWO OR MORE 6-BIT 
COUNTERS ARE CASCADED TO IMPLEMENT LARGER COUN'^ERS . 

P7067 

THIS IS AN 6-BIT SYNCHRONOUS REGISTER WITH PARALLEL LOAD, LOAD 



COMPLEMENT, PRESET, CLEAR, AND HOLD CAPABILITIES. POUR CONTROL 
INPUTS (/LD,POL,/CLR,/PR) PROVIDE ONE OF FOUR OPERATIONS WHICH 
OCCUR SYNCHRONOUSLY WITH THE CLOCK (CLK) . THE LOAD OPERATION 
LOADS THE INPUTS (D5-D0) INTO THE OUTPUT REGISTER (Q5-Q0) , WHEN 
POL=H OR LOADS T^IB COMPLEMENT OF THE INPUTS WHEN POL-^L. THE 
CLEAR (/CLR) OPERATION RESETS THE OUTPUT REGISTERS TO ALL LOWS. 
THE PRESET (/PR) OPERATION PRESETS THE OUTPUT REGISTERS TO .ALL 
HIGHS. THE HOLD OPERATION HOLDS THE PREVIOUS VALUE REGARDLESS OP 
CLOCK TRANSITIONS. 

CLEAR OVERRIDES PRESET, PRESET OVERRIDES LOAD, AND LOAD OVERRIDES 
HOLD. 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMARIZED IN THE OPERATIONS TABLE: 



/OC CLK /CLR /PR /LD POL D5-D0 Q5-Q0 



OPERATION 



H 


X 


X 


X 


X 


X 


X 


Z 


HI-Z 


L 


C 


L 


X 


X 


X 


X 


L 


CLEAR 


L 


C 


H 


L 


L 


X 


X 


H 


PRESET 


L 


C 


H 


H 


H 


X 


X 


Q 


HOLD 


L 


C 


H 


H 


L 


H 


D 


D 


LOAD TRUE 


L 


C 


H 


H 


L 


L 


D 


/D 


LOAD COMP 



P7068 

THIS IS A 9-BIT MULTIFUNCTION BUFFER WITH PARALLEL TRUE OUTPUT, 
COMPLEMENTARY OUTPUT, CLEAR, AND PRESET CAPABILITIES. THREE 
CONTROL INPUTS (POL, /CLR, /PR) PROVIDE ONE OF THREE OPERATIONS. 

THE TRUE DATA WILL BE AVAILABLE AT THE OUTPUTS (Y'^D) WHEN THE 
POLARITY LINE IS HIGH (POL-H) . THE INPUT DATA WILL BE INVERTED 
(YVD) when the polarity line IS LOW (POL^L) . 

THE OUTPUTS WILL BE LOW (Y<=L) WHEN THE CLEAR LINE IS LOW (/CLR=L) 
AND HIGH (Y»H) WHEN THE PRESET LINE IS LOW (/PR^L) . NOTE THAT 
THESE OPERATIONS OVERRIDE DATA INPUTS. ALSO CLEAR OVERRIDES 
PRESET. 

THE NINE OUTPUTS WILL BE HI-Z (Y>:Z) IF THE OUTPUT CONTROL LINE IS 
HIGH (/OC«=H) REGARDLESS OF OTHER CONTROL LINES AND INPUTS. 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMARIZED IN THE OPERATIONS TABLE: 



/OC /CLR /PR POL D8-D0 Y8-Y0 



OPERATION 
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X 


X 


X 


X 


Z 


L 


L 


X 


X 


X 


L 


L 


H 


L 


X 


X 


H 


L 


H 


H 
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L 
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H 


L 


D 


/D 



HI-Z 
CLEAR 
PRESET 
OUTPUT TRUE 
OUTPUT COMP 
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- _ :^?"..^??L.?!:1?!. *''*^ **■" OPERATION 

P7069 i! H V 5 * ^^-^ FOR UPPER 5 BITS 

£ " J J 2 HI-Z FOR LOWER 5 BITS 

THE 10-DIT BUFFER CAN OUTPUT TRUE DATA, COMPLEMENTARY DATA, OR BE '" /•* OUTPUT COMP (L or 117-2) 

HIGH IMPEDANCE. THE TRUE DATA WILL BE AVAILABLE AT THE OUTPUTS 

(V«=D) WHEN THE POLARITY LINE IS HIGH (POL-H) . THE INPUT DATA "••••••"•••■«■••••«•*•••.••»•,,„»» 

WILL BE INVERTED (Y«=/D) KH»:M THE POLARITY LINE IS LOW (POL=L) . P7072 ••••**••***•••••••••••••••••■••••••••«•«•«,,, 

THE TEN OUTPUTS WILL BE III-Z (Y=Z) IF THE OUTPUT CONTROL LINE IS THE 10-BIT ADDRP<i<:Ani p DPrTcn.po to . 

HIGH (/OCH, REGARDLESS OF OTHER INPUTS. J^^f '«'«" «S^^^ 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND THE DATA I Dli» f? fnAn^J^?Jn lo^ ."*'"''' ^'^'^'^'^^^ ^^^^ (A.D,C,D) . 

SUMMARIZED IN THE OPERATIONS TABLE: VH.l^'' <SJ|!> Jf "^TVJSS JcLKf^ir^SrcJlf ^}?''^*\Sb?"^ 

/OC POL D9-D0 Y9.Y0 OPERATION ^tJ;!!^ "oSS^Kf i^^TipERlS^^^^^^ 

., X T z Hiiz — s;^L^UJ'?HiI^?2FCf^is"lT^^?J^^''^^ ^'^ PEoL^EnriirouTP -s 

I- " D D OUTPUT TRUE ARE A?T?vr JL SlwJ u2T?I*I^^,. o^^^'''* 'Z^^"*' ^'^'^ </PR) 

L L D /D OUTPUT COMP RESPEcJIJely. ^^^ ^"^ REGISTERS TO ALL HIGH OR LOW 

**«•********«**«****•**«**•**««***««*•*•••**«*******•****«***«*****«*•***•*«•• ^^EAR OVERRIDES PRESET AND ENABLE, PRESET OVERRIDES ENABLE. 

"°'° THESE FUNCTIONS ARE EXERCISED IN THE FUNCTION TABLE and 

SUMMARISED IN THE OPERATIONS TARrp. runuiiON TABLE AND 

THE lO-BIT OPEN COLLECTOR BUFFER WILL OUTPUT THE INPUT DATA (D) . wrtKAiiuNb TABLE: 

THE OUTPUTS (Y) WILL BE EITHER L OR HI-Z. /OC CLK /CLH /pb /pi p9 pi r. /^ o . ^ 

'l.-__:__«l„___ D C B A DIN US»-00 OPERATION 

CERTAIN OUTPUTS WILL BE HIGH-Z (Y«Z) IF EITHER OUTPUT CONTROL U x 'x x" x~x~'y v~v~v"3 

LINE IS HIGH (/OC>H) REGARDLESS OF OTHER INPUTS. NOTE THAT 002 LC L LXXxyvv * "^"^ 

CONTROLS OUTPUTS Y9-Y5 AND OCl CONTROLS OUTPUTS Y4-Y0. 0C2 AND LC H ixyvvvvw* ^ CLEAR 

OCl CONTROL INDEPENDENTLY. LC H uiitlZlZ^ " PRESET 

LC H HLluiiiii 9, ^^^° PREVIOUS STATES 

OPERATIONS TABLE: LCHrHivvv-^^ "°''^ PREVIOUS STATES 

LC H iShnrn" Q ""''^ PHEVIOUS STATES 

/0C2 /OCl D9-D0 Y9-Y5 Y4-Y0 OPERATION L C H H h i i v v v « ^^"^ ^^" ^^'^^ ^'^ TO ADDRESSED OUTPUT 

j^ ^, J H H t t J J J 5 J S "^^'^ PREVIOUS STATES 

U X X Z X HI-Z FOR UPPER 5 BITS Lc H HHurvvvvw ° ^^^^ PREVIOUS STATES 

X H X X Z HI-Z FOR LOWER 5 BITS LC H HHHUvvvvv ^ "^''^ PREVIOUS STATES 

L L D D D OUTPUT TRUE (L or HI-Z) nnn aaxx X Q HOLD PREVIOUS STATES 



***************************************************************************** 

P7071 

THE 10-DIT lUVCRTlHG OPEN COLLECTOR BUFFER WILL OUTPUT THE 
COMPLEMENT OF THE INPUT DATA (D) . THE OUTPUTS (Y) WILL BE EITHER 
L OR HI-Z. 

CERTAIN OUTPUTS WILL BE HICH-Z (Y=Z) IF EITHER OUTPUT CONTROL 
LINE IS HIGH (/OC=H) REGARDLESS OF (/J IlKR INPUTS. NUTE THAT 0C2 
CONTROLS OUTPUTS Y9-Y5 AND OCl CONTROLS OUTPUTS Y4-Y0, 002 AND 
OCl CONl-ROL INDEPENDENTLY. 

OPERATIONS TABLE: 



OUTPUT SELECT TABLE 

°_LL^_ _^[^__ ^^ ^^" ^^ ^** 0^ Q< Q3 Q2 Ql QO 

09 Q8 Q7 06 Q5 Q4 Q3 Q2 Ql'oi^N 

09 08 07 Q6 05 Q4 Q3 Q2 DIN CO 

Q9 Q8 Q7 Q6 Q5 Q4 Q3 DIN Ql QO 

Q9 Q8 Q7 06 05 04 DIN 02 Ql QO 

09 08 07 06 05 DIN 03 02 01 00 

09 08 07 06 DIN 04 03 02 01 00 



L 


L 


L 


L 


DIN 


i. 


L 


L 


li 


DIN 


I. 


L 


H 


L 


DIN 


L 


L 


H 


H 


DIN 


L 


H 


L 


L 


DIN 


L 


H 


L 


H 


DIN 
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L H H L 


DIN 


Q9 Qb 


Q7 


DIN Qb 


04 


03 


02 


01 


00 


L H H H 


DIN 


Q9 Q8 


DIN 


06 05 


04 


03 


02 


01 


00 


i< L L L 


DIN 


Q9 DIN 


Q7 


06 Qb 


04 


03 


02 


Ql 


00 


H L L H 


DIN 


DIN Q8 


Q7 


06 05 


04 


03 


02 


01 


00 


II L H L 


DIN 


Q9 OB 


Q7 


06 05 


04 


03 


02 


01 


00 


11 L 11 H 


DIN 


Q9 QB 


07 


06 05 


04 


03 


02 


01 


00 


H II X X 


DIN 


Q9 QB 


07 


06 05 


04 


03 


02 


01 


00 
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P7073 

THIS PAI.20I.10 INTERFACES BETWEEN THE MOTOROLA MC6U00 
mCKOPROCtSSOH AND ITS SYSTEM COMPONENTS ON A SINGLE BOARD 
COMPUTER. THE FUNCTIONS IT PERFORMS, PREVIOUSLY DONE WITH RANDOM 
LOGIC ARE: ADI)Kr;SS DECODING, MEMORY AND I/O SELECT, RESET SIGNAL 
GENLUATION, AND CONTROL OF THE BUFFER WHICH INTERFACES THE DATA 
BUS TO OTHER BOARDS IN THE SYSTEM. 

P7074 

THIS IS AN EXAMPLE OF A QUAD 3-TO-l MULTIPLEXER USING A PAL18L4. 
SELECT LINES A,B ARE ENCODED IN BINARY, WITH A REPRESENTING THE 
J.SB. THE OUTPUTS (Y) ARE ALL HIGH IF THE SELECT LINES ARE BOTH 
HIGH (B,A=H) . 

OPERATIONS TABLE: 



INPUT 


OUTPUTS 


SELECT 




B A 


Y 


L L 


CO 


L II 


CI 


H L 


C2 


H H 


H 



P7075 

THIS PAL DESIGN SPECIFICATION DESCRIBES A 4-BIT SYNCHRONOUS 
COUNTER WITH 4-BIT BIGISTER. DATA CAN BE LOADED 10 THE COUNTER 
FROM THE REGISTER. TT CAN ALSO BE SYNCHRONOUSLY CLEARED. THE 
REGISTER CAN HE LOADID FROM EITHER THE COUNTER OR THE DATA INPUTS 
UNDER CONTROL O.-' 'J HE SEL INPUT, THE REGISTER CAN ALSO BE 
SYNCHRONOUSLY CLEARED. THE COUNTER AND REGISTER HAVE A COMMON 
CLOCK FOR SYNCHRONOUS OPERATION. 



REGISTER (QB-OO) WHEN THE LOAD INPUT IS TRUE (/LD=L) AND h 
POSITIVE EDGE PULSE IS RECEIVED ON THE CLOCK PIN (CLK) . THE 
COUNTER WILL DECREMENT IF A CLOCK PULSE IS RECEIVED WITH THE LOAD 
INPUT BEING FALSE {/LD=H) . THE OPERATION IS A HOLD IF NO CLOCK 
PUI.SE IS RECEIVED REGARDLESS OF ANY OTHER INPUTS. 

THE BORROW OUT PIN (/BO) SHOWS HOW TO IMPLEMENT A BORROW OUT 
USING A REGISTER BY ANTICIPATED ONE COUNT BEFORE THE TERMINAL 
COUNT IF COUNTING AND THE TERMINAL COUNT IF LOADING. 



OPERATIONS TABLE: 

/OC CLK /LD Db-DO Qb-QO 



OPERATION 



11 


X 


X 


X 


Z 


HI-Z 


L 


L 


X 


X 


/Q 


HOLD 


L 


C 


L 


D 


D 


LOAD 


L 


C 


H 


X 


MINUS 1 


DECREMENT 



P7U77 

THE REFRESH CLOCK GENERATOR CAN GENERATE REFRESH CLOCK (RFCK) FOR 
THE DYNAMIC RAM CONTROLLERS. THE PERIOD OF RFCK DEPENDS ON F3-F0 
WHILE THE DURATION OF RFCK BEING LOW DEPENDS ON M3-M0. 



FFFF 


RFCK PERIOD 


3210 


(CYCLES) 


0000 


12 


0001 


28 


0010 


44 


0011 


60 


0100 


76 


0101 


92 


0110 


108 


0111 


124 


1000 


140 


1001 


156 


1010 


172 


1011 


lUb 


1100 


204 


1101 


220 


1110 


236 


nil 


252 



MMMM 
3210 



RFCK LOW DURATION 
(CYCLES) 



0000 





0001 


4 


OUIO 


b 


0011 


12 


0100 


16 


0101 


20* 


Olio 


24 


0111 


2b 


1000 


32 


1001 


36* 


1010 


40* 


lull 


44* 


1100 


4U 


1101 


52« 


1110 


56 


nil 


60 



•NOT ALLOWED DUE TO BAD WAVEFORMS 



P7076 

THE 9-BIT SYNCHRONOUS COUNTER HAS PARALLEL LOAD, DECREMENT, AND 
HOLD CAPABILITIES. DATA (D8-D0) IS LOADED INTO THE OUTPUT 



P7078 

THE b-BIT ADDRESSABLE REGISTER LOADS THE DATA (DIN) INTO THE 
APPROPRIATE ADDRESS LINE REGISTER (Q) ON THE RISING EDGE OF THE 
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L H H L DIN Qt Qtt Q7 DIN Q5 Q4 Q3 Q2 Ql QO 

Q9 Q8 DIN 06 Q5 Q4 Q3 Q2 Ql QO 

Q9 DIN Q7 Q6 Qb Q4 Q3 Q2 Ql QU 

DIN Q8 Q7 Q6 Q5 Q4 Q3 Q2 Ql QU 

Q9 Q8 Q7 Q6 Q5 Q4 Q3 Q2 Ql QU 

Q9 Q8 Q7 06 QS Q4 03 02 Ql QU 

09 08 07 06 QS Q4 03 02 Ql QO 



L H H H 


DIN 


H L L L 


DIN 


H L L H 


DIN 


H L H L 


DIN 


H L N H 


DIN 


H II X X 


DIN 



REGISTER (08-00) WHEN THE LOAD INPUT IS TRUE (/LD«L) AND A 
POSITIVE EDGE PULSE IS RECEIVED ON THE CLOCK PIN (CLK) . THE 
COUNTER HILL DECREMENT IF A CLOCK PULSE IS RECEIVED WITH THE LOAD 
INPUT BEING. FALSE (/LD>=H) . THE OPERATION IS A HOLD IF NO CLOCK 
PIII.SE IS RECEIVED REGARDLESS OP ANY OTHER INPUTS. 

THE BORROW OUT PIN (/BO) SHOWS HOW TO IMPLEMENT A BORROW OUT 
USING A REGISTER BY ANTICIPATED ONE COUNT BEFORE THE TERMINAL 
COUNT IF COUNTING AND THE TERMINAL COUNT IF LOADING. 



>7073 

I'HIS PAI.20L10 INTERFACES BETWEEN THE MOTOROLA MC6U00 
nCKOPROCESSOR AND ITS SYSTEM COMPONENTS ON A SINGLE BOARD 
rOMPUTER. THE FUNCTIONS IT PERFORMS, PREVIOUSLY DONE WITH RANDOM 
.OGIC ARE: ADDRESS DECODING, MEMORY AND I/O SELECT, RESl:T SIGNAL 
JENERATION, AND CONTROL OF THE BUFFER WHICH INTERFACES THE DATA 
lUS TO OTHER BOARDS IN THE SYSTEM. 

•7074 

'HIS IS AN EXAMPLE OF A QUAD 3-TO-l MULTIPLEXER USING A PAL1BL4. 
;ELECT LINES A,B ARE ENCODED IN BINARY, WITH A REPRESENTING THE 
.SB. THE OUTPUTS (Y) ARE ALL HIGH IF THE SELECT LINES ARE BOTH 
IIGU (B,A>'H) . 



OPERATIONS TABLE: 

/OC CLK /LD Dtt-DO Q8-Q0 



OPERATION 



11 


X 


X 


X 


Z 


HI-Z 


L 


L 


X 


X 


/O 


HOLD 


L 


C 


L 


D 


D 


LOAD 


L 


C 


H 


X 


MINUS 1 


DECREMENT 



P7077 

THE REFRESH CLOCK GENERATOR CAN GENERATE REFRESH CLOCK (RFCK) FOR 
THE DYNAMIC RAM CONTROLLERS. THE PERIOD OF RFCK DEPENDS ON P3-F0 
WHILE THE DURATION OF RFCK BEING LOW DEPENDS ON M3-M0. 



)PERATIONS TABLE: 

INPUT OUTPUTS 
SELECT 

B A y 

L L CU 

L H CI 

H L C2 

H H H 



7075 

HIS PAL DESIGN SPECIFICATION DESCRIBES A 4-BIT SYNCHRONOUS 
OUNTER WITH 4-BIT RIGISTER. DATA CAN BE LOADED TO THE COUNTER 
ROM THE REGISTER. IT CAN ALSO BE SYNCHRONOUSLY CLEARED. THE 
EGISTCR CAN HE LOADFL FRCM EITHER THE COUNTER OR THE DATA INPUTS 
NDER CONTROL O:-' THE SEL INPUT. THE REGISTER CAN ALSO BE 
YNCHRONOUSLY CLEARED. THE COUNTER AND REGISTER HAVE A COMMON 
LOCK FOR SYNCHRONOUS OPERATION. 



FFFF 


RFCK PERIOD 


3210 


(CYCLES) 


0000 


12 


0001 


28 


0010 


44 


0011 


60 


0100 


76 


0101 


92 


0110 


108 


0111 


124 


1000 


140 


1001 


156 


1010 


172 


1011 


IbB 


1100 


204 


liui 


220 


1110 


236 


1111 


252 



MMHM 


RFCK LOW DURATION 


3210 


(CYCLES) 


0000 


C 


0001 


4 


0010 


tt 


0011 


12 


0100 


16 


0101 


20« 


0110 


24 


0111 


28 


1000 


32 


1001 


36* 


1010 


40* 


lUll 


44" 


1100 


4U 


1101 


52« 


1110 


56 


1111 


60 



•NOT ALLOWED DUE TO BAD WAVEFORMS 



'7076 

■HE 9-BIT SYNCHRONOUS COUNTER HAS PARALLEL LOAD, DECREMENT, AND 
lOLD CAPABILITIES. DATA (D8-D0) IS LOADED INTO THE OUTPUT 



P7078 

THE 8-BIT ADDRESSABLE REGISTER LOADS THE DATA (DIN) INTO THE 
APPROPRIATE ADDRESS LINE REGISTER (Q) ON THE RISING EDGE OF THE 
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P7082 

THE 4-BIT COUNTEK LOADS DATA, INCREMENTS, OR HOLDS ON THE RISING 
EDGE OF THE CLOCK (CLK) . 

THE COUNTER WILL HOLD WHEN THE TERMINAL COUNT IS REACHED UNTIL 
NEW DATA IS LOADED OR THE REGISTERS ARE CLEARED. 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMARIZED IN THE IN THE OPERATIONS TAIiLE: 



/OC 


CLK 
X 


CLEAR 


/LOAD 


/LP 


D3-D0 


Q3-Q0 


OPERATION 


n 


X 


X 


X 


X 


Z 


HI-Z 


L 


c 


H 


X 


X 


L 


L 


CLEAR 


L 


c 


L 


L 


X 


A 


A 


LOAD 


L 


c 


L 


H 


H 


X 


Q 


HOLD 


L 


c 


L 


H 


L 


X 


Q PLUS 1 


INCREMENT 



P70B3 

THIS PAL PROVIDES A SINGLE CHIP DECODER FOR USE IN MEMORY HAPPED 
I/O OPERATIONS REQUIRING POUR ACTIVE LOW PORT ENABLES AND FULL 
16-BIT DECODE WITH TWO TWO STROBE LINES (/RD AND /WR) . EQUATION 
TERMS CAN HE CHANGED TO ACCOMMODATE ANY 16-BlT ADDRESS. 

THE PAL WILL MONITOR THE SYSTEM MEMORY ADDRESS BUS (A15-A0) AND 
DECODE THE SPECIFIED MEMORY ADDRESS WORD (1F76 ,1F77 , 1F7B,1F79) TO 
PRODUCE A PORT ENABLE FOR READ, WRITE, AUXILARV UNIT 1 (AUXl) , 
AUXILARY UNIT 2 (AUX2) AS SHOWN IN THE FOLLOWING TABLE: 



ADDRESS I STKOIltS I POl;T 

INPUTS I /RD /WR I ENABLE 

, I- _ 

1F76 I L X I READ 

1F77 IX LI WRITE 

1F78 I X X I AUXl 

1F79 I X X i AUX2 



P7084 

THE 9-BIT COUNTER HAS INCREMENT, LOAD, AND HOLD CAPABILITIES. 
DATA (D) IS LOADi-.D INTO THE OUTPUT REGISTER (0) WHEN THE LOAD 
LINE IS TRUE (/LC=L) AND A POSITIVE EDGE PULSE IS RECEIVED ON THE 
CLOCK PIN (CLK). THE COUNTER WILL INCREMENT IF A CLOCK PULSE IS 
RECEIVED WITH THE LOAD LINE BEING FALSE (/LD=H) . THE COUNTER WILL 
LOCK AT TitE TERMINAL COUNT REGARDLESS OF CLOCK PULSES UNTIL DATA 



IS LOADED INTO THE REGISTER. THE OPERATION IS A HOLD IF NO CLOCK 
PULSE IS RECEIVED REGARDLESS OF ANY OTHER INPUTS. 

THE CARRY OUT PIN (/CO) SHOWS HOW TO IMPLEMENT A CARRY OUT USING 
A REGISTER BY ANTICIPATED ONE COUNT BEFORE THE TERMINAL COUNT IF 
COUNTING AND THE TERMINAL COUNT IF LOADING. ALSO THE REGISTERED 
CARRY OUT WILL REMEMBER THE TERMINAL COUNT STATE IN ORDER TO 
DISABLE THE COUNTER AT THp TERMINAL COUNT. 

Ol'ERATlONS TABLE: 



/OC CLK /LD D8-D0 Q8-Q0 



OPERATION 

HI-Z 
HOLD 
LOAD D 



Q PLUS 1 COUNT UP 



P7085 

THIS PAL PROVIDES THE DECODE LOGIC FOP INTERFACING THE MMI 
SN54/74S50B, 8-BlT SEQUENTIAL MULTIPLIER/DIVIDER, WITH THE INTEL 
8085 MICROPROCESSOR. THE PAL16R4 MONITORS THE LOWER 8 BIT 
ADDRESS/DATA BUS (AD0-AD7) , THE ADDRESS LATCH ENABLE (ALE) , AND 
ThHEE OF THE UPPEH 8 BIT ADDRESS BUS (A8-A15) WHICH IS 
LABELED/E1,E2,E3 FROM THE 8085 IN ORDER TO DECODE AN ACTIVE LOW 
CHJP-ACTIVATION SIGNAL (/GO) FOR THE MULTI PM ER/DI VIDFR . THE 
INSTRUCTION LINES AND CHIP-ACTIVATION SIGNAL APE REGISTERED IN 
ORDER TO INSURE THAT INSTRUCTION INPUTS WILL NOT CHANGE WHEN THE 
CLOCK IS LOW (CLK=L) . 

FOR THIS PARTICULAR DESIGN, THE THREE INSTRUCTION INPUTS TO THE 
74S508 (10-12) ARE ASSIGNED TO THE THREE LSB ADDRESS/DATA BUS 
(AD0-AD2) , WHILE THE REMAINING ADDRESS BITS (AD3-AD7) ARE DECODED 
BY THE PAL TO DETERMINE IF THE 74SbOn IS SELECTED. ALSO, ADDRESS 
100 TO 107 IS RESERVED FOR THE 74S508. THE ADDRESS SPACE CAN BE 
CHANGE BY EDITING THE LOGIC EQUATIONS. 



THIS PAL DESIGN CORRESPONDS TO 
FOLLOWING APPLICATION NOTE: 



FIGURE 6 ON PAGE 7 OF THE 



AN-103 



•A DEDICATED MULTIPLIER/DIVIDER SPEEDS UP MULTIPLICATION AND DIVISIO 
FOR 8-BIT MICROPROCESSORS" by Ehud Gordon 
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THIS PAL PROVIDES THE DECODE I.OfOC ICR INTERFACING QHE MMI 
SN54/74S508, 8-BlT SEQUENTIAL MULTIPLIER/DIVIDER, WITH THE INTEL 
8085 MICROPROCESSOR. THE PAL16R4 MONITORS THE UPPER b HIT 
ADDRESS BUS (A8-A15), THE ADDRESS LAICH ENABLE (ALE), AND THE 
THREE MACHINE CYCLE STATUS LINES (IOM,Sl,S0) FROM THE 8085 IN 
ORDER TO DECODE AN ACTIVE LOW CHIP-ACTIVATION SIGNAL (/GO) FOR 
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THE 74S508. THE INSTRUCTION LINES AND CHIP-ACTIVATION SIGNAL ARE 
REGISTERED IN ORDER TO INSURE THAT INSTRUCTION INPUTS WILL NOT 
CHANGE WHEN THE CLOCK IS LOW (CLK-L) . BY MONITORING THE MACHINE 
STATUS CYCLE, THE 74S508 CAN BE ADDRESS MAPPED BY THE 8085 AS IP 
IT WERE AN I/O DEVICE, THUS NOT USING ANY MEMORY MAP ADDRESS 
SPACE. THE MACHINE CYCLE STATUS PROM THE 8085 IS AVAILABLE ON THE 
FALLING EDGE OF ALE. 

FOR THIS PARTICULAR DESIGN, THE THREE INSTRUCTION INPUTS TO THE 
74S508 (10-12) ARE ASSIGNED TO THE THREE LSB BITS OF ADDRESS BUS 
(A8-A10) , WHILE THE REMAINING ADDRESS BITS (A11-A15) ARE DECOnir:D 
BY THE PAL TO DETERMINE IF THE 74S508 IS SELECTED. ALSO, ADDIililiS 
100 TO 107 IS RESERVED FOR THE 74S508. THE ADDRESS SPACE CAN BE 
CHANGED BY SIMPLY EDITING THE LOGIC EQUATIONS. 

P7087 

THE 2-DIGIT BCD (BINARY CODED DFCIMAL) SYNCHRONOUS COUNTER WITH 
COMPLEMENTARY COUNT ENABLES, PARALLEL LOAD, AND CARRY OUT IS 
IMPLEMENTED IN A PAL20X8. THREE CONTROL INPUTS (/LD,/CE1 ,CF2) 
PROVIDE ONE OP THREE OPERATIONS WHICH OCCUR SYNCHRONOUSLY ON THE 
RISING EDGE OF THE CLOCK (CLK) . 

THE COUNTER WILL INCREMENT IN A BINARY-CODED-DIXlMAL SEQUENCE 
WHEN BOTH COUNT ENABLES ARE TRUE (/CEl>=L AND CE2=H) AND LOAD IS 
FMSE (/LD^H) . THE COUNTER WILL HOLD IF ONE COUNT ENABLE IS 
FALSE (/CEleH OR CE2«L) . 

THE LOAD OPERATION LOADS THE INPUTS (Dl- AND D2-) INTO THE OUTPUT 
REGISTER (01- AND Q2-) WHEN LOAD IS TRUE (/LD»L) . NOTE THAT LOAD 
OVERRIDES INCREMENT. 

TWO OR MORE BCD COUNTERS CAN BE CASCADED TO IMPLEMENT LARGKR IiCU 
COUNTERS BY CONNECTING CARRY OUT (/CO) OF THE FIRST STAGE TO 
COUNT l:tlAHI.E (/CEl) OF THE SECOND STAGE. 

THIS DESIGN IS IDEAL IN AN INDUSTRIAL CONTROL APPLICATION WHEHE 
AN EVENT COUNTER IS NEEDED TO DRIVE NUMERIC DISPLAYS. THU PAL 
CAN RECEIVE ONE COUNT ENABLE IN THE FORM OF STROBES FROM A MOTOR 
OR OTHER DEVICE. THE SECOND COUNT ENABLE CAN RECEIVE THE PERIOD 
SIGNAL. THE PAL WILL PROVIDE TWO ACTIVE HIGH BCD OUTPUTS (01- 
AND Q2-) TO DHIVE TWO NUMERIC INDICATORS, SUCH AS THE HEWLETT 
PACKARD 5082-7300 WHICH FEATURES AN ON-BOAKD DECODEH/UKIVER AND 
LATCH ENABLE. 

PAHALLEL LOAUINO IS PROVIDED FOR PAL AND NUMERIC INDICATOR 
TESTIBILITY, HOWEVER, /LD CAN HE CHANGED TO A CLEAR FUNCTION 
(/CLR) BY TYING THE BCD PARALLEL INPUTS (Dl- AND D2-) TO GROUND 
(GND) . 

THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMARIZED IN THE OPERATIONS TABLE: 



Appena 


IX ut 


f Al4 i 


Jesign 


Pile 


Library 
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H 
L 
L 
L 
L 


X 
C 
C 
C 
C 


X 
L 
H 
H 
H 


X 
X 
H 
X 

L 


X 
X 
X 
L 
H 


X 

X 
X 
X 





z 

D 

Q 

Q 

PLUS 


HI-Z 
LOAD 

HOLD (/CE1«=H) 
HOLD (CE2-L) 
1 INCREMENT 





P7UUB 

THE y-BIT COUNTER WITH SHIFT REGISTER HAS LOAD, SHIFT, INCREMENT, 
AMD HOLD CAPABILITIES. DATA (D) IS LOADLD' It.TO THE OUTPUT 
REGISTER (Q) WHEN THE LOAD IS TRUE (/LD=L) AND A P03I flVE EDGE 
PULSE IS RECEIVED ON THE CLOCK PIN (CLK). THE COUNTER WILL SHUT 
DATA TOWARD THE MSB IF SHIFT IS TRUE (/£H=L) AND A CLOCK PULSE IS 
RECEIVED WITH LOAD BEING FALSE (/LD=H). THE COUNTER WILL 
INCREMENT IF COUNT IS TRUE (/CNT^L) AND A CLOCK PULSt IS RECEIVED 
WITH LOAD AND SHIFT BEING FALSE (/LD,/SH=H) . THE OPERATION IS A 
HOLD IF LOAD, SHIFT, AND COUNT ARE FALSE (/LD,/SK ,/CNT=H) 
REGARDLESS OF CLOCK TRANSITIONS. 

LOAD OVERRIDES SHIFT AND INCREMENT, SHIFT 0VEHR1D»S INCREMENT. 

THE FOLLOWING OPERATIONS ARE SIMULATED USING THE FUNCTION TABLE 
AND SUMMARIZED IN THE OPERATIONS TABLE: 



/OC 



CI.K 



/LD /SH /CUT D8-D0 Qb-QO 



OPERATION 



H 


X 


X 


X 


X 


X 


Z 


HI-Z 


L 


C 


L 


X 


X 


D 


D 


LOAD D 


L 


C 


H 


L 


X 


X 


SHIFT Q 


SHIFT 


L 


C 


H 


H 


L 


X 


Q PLUS 1 


COUNT UP 


L 


C 


H 


H 


H 


X 


Q 


HOLD 





/OC CLK /LD /CEl CE2 BCD-IN BCD-OUT 



OPERATION 



P7089 

THE PAL PROVIDES A SINGLE CHIP INTEHEACL CONTROLLER FOR 
INTERFACING MOTOROLA'S CMHz 6ti00 MICROPROCESSOF 10 ZILOG'S 4MH2 
Z85XX PERIPHERAL. THE INTERFACE CONTHOLI EH GH.i RAVES ALL THE 
REQUIRED CONTROL SIGNALS, OF KHICH FOUR l/RD, /WP, PCLK(=/CO) 
AND /ACKJ GO TO THE Z85XX AND /DTK GOES TO THE btJOOO. 

IN ADDITION TO GENERATING CONTHOI. ^](.^Aly, 1HE 1NT^H^ACK 
CONTROLLER HAS THE CAPABILITY OF CONTROLLING TIIHtt TYPES OF DhS 
CYCLES; READ, WRITE, AND INTERRUPT ACKNOULEDGE. 

TIMING FOR PROCESSING OF DATA QRANSFEK IS CONTROLLED WITH AN 
INTERNAL DOWN COUNTFR. A COUNTER DECODER CONTROLS TIMING OF 
/DTK (DATA TRANSFER ACKNOWLEDGE) TO THE bUUOO TO INFORM A COMPLETE 
DATA TRANSFER CYCLE. 

THESE OPERATIONS ARE EXERCISED IN THE EUNCllON lAbLE AND 
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THESE OPERATIONS ARE EXERCISED IN THE FUNCTION TABLE AND 
SUMMARIZED IN THEOPERATION TABLE: 









/ / / 




/ c 


/ / / 


F F F 


//OCA 




L / 


A C R 


C C C 


w R T y C 




C K R 


S S H 


2 10 


R D K C K 


OPERATION 


U X X 


XXX 


XXX 


Z Z Z Z Z 


HI-Z 


L C L 


XXX 


XXX 


L L H H H 


INITIALIZATION 


L C H 


L L H 


L L L 


H L H L H 


READ 


L C H 


L L L 


L L L 


L H H L H 


WRITE 


L C H 


L H H 


H H H 


H L H L L 


READ DURING INTERRUPT 



FUNCTIONAL DESCRIPTION 

THE PAL GENERATES FIVE CONTROL SIGNALS AT WHICH l/RD, /WR , 
PCLK{=/CO), AND /ACKl TO THE Z85XX AND /DTK GOES TO THE 68000. 
/RD, /WR, AND /ACK ARE THREE TYPES OF Z85XX CYCLES, WHICH ARE 
CONTROLLED BY THE PAL: 

/RD - READ CYCLE 

/WR - WRITE CYCLE 

/ACK - INTERRUPT ACKNOWLEDGE CYCLE 

/CO, /CI, /C2, AND /C3 ARE PART OF A 4-BIT SYNCHRONOUS DOWN 
COUNTER WHERE /C3 IS THE MSB AND /CO IS THE LSB. /CO IS SIMPLY A 
DIVIDE BY 2 OF THE 68000 CLOCK USED BY THE PERIPHKHAL KiH PCLK . 
THE OTHER THREE SIGNALS, CI, C2, C3 WITH /CYC ARE USED INTERNAL 
TO THE PAL FOR GENERATING THE ABOVE CONTROL SIGNALS. 

THE COUNTER TOGGLES DETWEEN 14 AND 15 UNTIL /CYC(=CYCLE) GOES 
ACTIVE LOW AND THEN WILL BEGIN COUNTING DOWN. THE COUNTER WILL 
CONTINUE COUNTltK; DOWN UNTIL /AS GOES INACTIVE HIGH, SIGNALING 
THE END OF CYCLE. AT THIS TIME THE COUNTER WILL GO BACK TO 
TOGGLING BETWEEN COUNT 14 AND 15. REFER TO THE FUNCTION TABLE. 

THE CONTROL SIGNALS, /RD, /WR, /ACK, AND /DTK ARE GENEREATED 
THROUGH THE PAL AND QUALIFIED WITH THE COUNTER TO GENERATE EDGES 
THAT MEET TIME RESTRAITS. 

P7090 

THE 16 INPUT REGISTERED PRIORITY ENCOUEK ACCEPTS SIXTEEN ACTIVE- 
LOW INPUTS (10-115) TO LOAD THE BINARY WEIGHTED CODE OF THE 
PRIORITY ORDER INTO THE OUTPUT REGISTER (Q3-Q0) ON THE RISING 
EDGE OF THE CLOCK (CLK) . A PRIORITY IS ASSIGNED TO EACH INPUT SO 
THAT WHEN TWO INPUTS ARE SIMULTANEOUSLY ACTIVE, THE INPUT WITH 
THE HIGHEST PRIORITY IS LOADED INTO THE OUTPUT REGISTER. 
THERFORE THE HIGHEST PRIORITY INPUT (10=H) PRODUCES HHHH IN THE 
OUTPUT REGISTER AND THE LOWEST PRIORITY INPUT (I15=H) PRODUCES 



i**»««««**«it**«« 



LLLL IN THE OUTPUT REGISTER. 
OPERATIONS TABLE 

/OC CLK 115-10 Q3-Q0 



OPERATION 



II 


X 


X 


z 


HI- 


Z 




L 


C ] 


[0 


=H 


15 


10 


INTERRUPT 


(HIGHEST PRIORITY INPUT) 


L 


C ] 




=H 


.14 


11 


INTERRUPT 




L 


c : 




=H 


13 


12 


INTERRUPT 




L 


C ] 




=H 


12 


13 


INTERRUPT 




L 


C ] 




«=H 


11 


14 


INTERRUPT 




L 


C ] 




«H 


10 


15 


INTERRUPT 




L 


C ] 




=H 


9 


16 


INTERRUPT 




L 


C ] 




«=H 


a 


17 


INTERRUPT 




L 


C ] 




=H 


7 


IB 


INTERRUPT 




L 


c 




«=H 


6 


19 


INTERRUPT 




L 


c 




•=H 


5 


IIO 


INTERRUPT 




L 


c 




=H 


4 


111 


INTERRUPT 




L 


c 




•=H 


3 


112 


INTERRUPT 




L 


c 




=H 


2 


113 


INTERRUPT 




L 


c 




"H 


1 


114 


INTERRUPT 




L 


c 




"H 





115 


INTERRUPT 


(LOWEST PRIORITY INPUT) 




*******) 


k*i 


k«*** 











P7091 

THE 16 INPUT PRIORITY ENCODER INTERRUPT FLAG ACCEPTS SIXTEEN 
ACTIVE-LOW INPUTS (10-115) IN ORDER TO GENERATE AN ACTIVE LOW 
(NEG_1NT) AND ACTIVE HIGH (POS_INT) INTERRUPT FLAG. 



UP TO FOUR INTERRUPT ENABLE PINS OF ANY POLARITY CAN BE ADDED 
A PAL20C1 IS SUBSTITUTED. 



IF 



P7U92 

THE lb INPUT REGISTERED PRIORITY ENCODER ACCEPTS KIETEIN ACTIVE- 
LOW INPUTS (10-114) TO LOAD THE BINARY WEIGHTED CODE OF THE 
PRIORITY ORDER INTO THE OUTPUT REGISTER (Q3-Q0) ON THE RISING 
EDGE OF THE CLOCK (CLK) . A PRIORITY IS ASSIGNED TO EACH INPUT .SO 
THAT WHEN TWO INPUTS ARE SIMULTANEOUSLY ACTIVE, THE INPUT WITH 
THE HIGHEST PRIORITY IS LOADED INTO THE OU'J PUT REGISTER. 
aUEREORE THE HIGHEST PRIORITY INPUT (IC=H) PRODUCES HHHH IN THE 
OU'JPUT REGISTER AND '1 HE LOWEST PRIOHITY INPUT (I14 = H) PRODUCES 
I.MII IN THE OUTPUT REGISTER. THf NOH-RI.Gl i.1 1.J<I I) INTERRUPT FLAG 
(FLAG) GOES HIGH WHEN AN INTERRUPT IS PRESENT AND REMAINS LOW 
WHEN THERE IS NO INTERRUPT PRESENT. 

OPERATIONS TABLE 

/OC CLK 114-10 Q3-Q0 FLAG OPERATION 

H X X Z X HI-2 
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L 


C 


L 







L 


C 


10 


»H 


IS 


L 


C 


11 


«H 


14 


L 


C 


12 


•H 


13 


L 


C 


13 


eH 


12 


L 


C 


14 


«H 


11 


L 


C 


15 


»H 


10 


L 


C 


16 


"H 


9 


L 


C 


17 


»H 


8 


L 


C 


IB 


»H 


7 


L 


C 


19 


»H 


6 


L 


C 


no 


»H 


5 


L 


C 


111 


=H 


4 


L 


C 


112 


=H 


3 


L 


C 


113 


«H 


2 


L 


C 


114 


»H 


1 



L NO INTERKUPT 

H 10 INTERRUPT (HIGHEST PKIOKITY INPUT) 

H II INTERRUPT 

H 12 INTERRUPT 

H 13 INTERRUPT 

H 14 INTERRUPT 

H IS INTERRUPT 

H 16 INTERRUPT 

H 17 INTERRUPT 

H 18 INTERRUPT 

H 19 INTERRUPT 

H no INTERRUPT 

H 111 INTERRUPT 

H 112 INTERRUPT 

H 113 INTERRUPT 

H 114 INTERRUPT (LOWEST PRIORITY INPUT) 
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THE 8 INPUT REGISTERED PRIORITY ENCODER ACCEPTS SIXTEEN ACTIVE- 
LOW INPUTS (10-17) TO LOAD THE BINARY WEIGHTED CODE OF THE 
PRIORITY ORDER INTO THE OUTPUT REGISTER (Q2-Q0) ON THE RISING 
EDGE OF THE CLOCK (CLK) PROVIDING THE POUR ENABLE INPUTS ARE TRUE 
(i:l»H,E2«H,/E3»L,/E4"L) . A PRIORITY IS ASSIGNED TO EACH INPUT SO 
THAT WHEN TWO INPUTS ARE SIMULTANEOUSLY ACTIVE, THE INPUT WITH 
THE HIGHEST PRIORITY IS LOADED INTO THE OUTPUT REGISTER. THERE 
FORE THE HIGHEST PRIORITY INPUT (IO»=H) PRODUCES HHH IN THE OUTPUT 
REGISTER AND THE LOWEST PRIORITY INPUT (I7«H) PRODUCES LLL IN THE 
OUTPUT REGISTER. 

THE PRIORITY INTERRUPT ENCODER REGISTERS (Q3-Q0) ARE UPDATED ON 
THE RISING EDGE OF THE CLOCK (CLK) PROVIDING THE POUR ENABLE 
INPUTS ARE TRUE (E1«H,E2*=H,/E3"=L,/E4=L). THE PREVIOUS DATA IS 
HELD IN THE PRIORITY ENCODER REGISTERS IF ANY OF THE KNAHI.E 
INPUTS ARE FALSE (fcl=L,E2«L,/E3=H,/E4=H) REGARDLESS OF CLOCK 
TRANSITIONS. NOTE THAT THE POLARITY OF THE ENABLES CAN BE 
CHANGED HY HERELY EDITING THE IX)G1C EQUATIONS. 

OUTPUT Q4 SERVES AS THE INTERRUPT FLAG AND IS TRUE (Q4=L) WHEN 
ANY OP THE 8 INPUTS ARE ACTIVE (I=H) ON THE RISING EDGE OF THE 
CLOCK (CLK) PROVIDING THE FOUR ENABLE INPUTS AKt TFUE 
(E1=H,E2=H,/E3=L,/E4=L) . THE INTERRUPT FLAG IS FALSE (Q4=H) WHIN 
ALL INPUTS ARE INACTIVE {i^L) OR WHEN ANY ONE OF THE FOUR ENAIiLE 
INPUTS ARE FALSE (El ■=L,E2»L,/E3=H,/E4=H) . 



L 


C 


X 


X 


X 


H 


X 


H 


Q 


L 


C 


H 


H 


L 


L 


L 


H 


X 


L 


C 


H 


H 


L 


L 


IO»H 


L 




L 


C 


H 


H 


L 


L 


Il-H 


L 




L 


C 


H 


H 


L 


L 


I1«H 


L 




L 


C 


H 


H 


L 


L 


I1=H 


L 




L 


C 


H 


H 


L 


L 


I1=H 


L 




L 


C 


H 


H 


L 


L 


I1=H 


L 


2 


L 


C 


H 


H 


L 


L 


I1=H 


L 


1 


L 


C 


H 


H 


L 


L 


Il=H 


L 






NOT ENABLED (/E4«H) 
NO INTERRUPT FLAG 

10 INTERRUPT (HIGHEST PRIORITY 

11 INTERRUPT 

12 INTERRUPT 

13 INTERRUPT 

14 INTERRUPT 

15 INTERRUPT 

16 INTERRUPT 

17 INTERRUPT (LOWEST PRIORITY) 
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CLK /OC /EN SET ROT MODE 



SW1-SW4 



COMMENTS 



X II X X X X Z UI-Z 

C L H X X X HOLD HOLD MOTOR POSITION 

C L L H X X 1 SET MOTOR POSITION TO STEP 1 

C L L L H H SW PLUS 1 HALF-STEP MOTOR CLOCKWISE 

C L L L H L SW PLUS 2 FULL-STEP MOTOR CLOCKWISE 

C L L L L H SW MINUS 1 HALF-STEP MOTOR COUNTERCLOCKWISE 

C L L L L L SW MINUS 2 FULL-STEP MOTOR COUNTERCLOCKWISE 
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THE OCTAL REGISTERED BARREL SHIFTER WILL SHIFT EIGHT BITS OF DATA 
(D7-D0) A NUMBER OF LOCATIONS INTO THE OUTPUT REGISTER (Q7-Q0) AS 
SPECIFIED BY THE BINARY ENCODED INPUT (12-10) SYNCHRONOUS WITH 
THE CLOCK INPUT (CLK) AND PROVIDING THE ENABLE PIN IS TRUE 
(/E=LOW) . THE OUTPUT REGISTER WILL BE PRESET TO ALL HIGHS WHEN 
ENABLE IS FALSE (/E=HIGH) . THE THREE-STATE OUTPUTS ARE HIGH-Z 
WHEN THE OUTPUT CONTROL LINE (/OC) IS LOW. 



P7096 

THIS PAL16L8 IMPLEMENTS AN 8-BIT LATCH FUNCTION WITH THREE-STATE 
OUTPUTS. THE LATCH PASSES EIGHT BITS OF DATA (D7-D0) TO THE 
EIGHT OUTPUTS (Q7-Q0) WHEN LATCH ENABLE IS TRUE (G-HIGH) . THE 
DATA IS LATCHED WHEN LATCH ENABLE IS FALSE (G=LOW) . THE OUTPUTS 
WILL BE DISABLED (HI-Z) WHEN OUTPUT ENABLE IS Tl^UE (/OC^TRUE) 
REGARDLESS OF ANY OTHER INPUTS. 



OPERATIONS TABLE 

/OC CLK El E2 /E3 /E4 17-10 Q4 Q3-Q0 



X X 

L X 

X L 

X X 



X X 

X X 

X X 

H X 



X Z Z 

X H Q 

X H Q 

X H Q 



OPERATION 



HI-Z 

NOT ENABLED (E1=L) 

NOT ENABLED (E2=L) 

NOT ENABLED (/ES'^H) 



/OC G D7-D0 (J7-Q0 



COMMENTS 



n 


X 


X 


Z 


HI-Z 


L 


L 


X 


Q 


LATCH OUTPUT 


L 


H 


D 


D 


LOAD LATCH 
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THIS DESIGN SHOWS HOW TO IMPLEMENT A "CLEAN" LATCH SINCE THFHE 
ARE NO OUTPUT GLITCHES AS THE DEVICE CHANGES STATE. THE KARNAUGH 
MAP BELOW FOR 0+ ILLUSTRATES THIS. THE TWO HORIZONTAL CIRCLES 
REPRESENT THE "LOAD LATCH" AND "LATCH OUTPUT" PRODUCT LINES. THE 
VERTICAL CIRCLE LINKS TOGETHER THE OTHER CIRCLES IN ORDER TO 
COVER A POTENTIAL SWITCHING HAZARD WHICH WOULD OCCUR WHEN THE 
OUTPUTS ARE ALWAYS HIGH. 

G l_ 

l_ 

I- 00 01 11 10 
I 1 1 I 1 

1 1 1 i II 1 
I , 

11 1 11 II 11 
I I 1 1 , 

*****4******«****«***«««««««**1I««II«II«*II«*«*«**««*«*********»****«******«******I 
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THIS PAL16R4 IMPLEMENTS A TWO CHANNEL SHAFT ENCODER OF Q HE TYPE 
USED IN SPEED CONTROLLERS AND OPTICAL DEVICES. 

ROTH THE "UP" AND "DOWN" OUTPUTS OF THE PAL ARE NORMALLY HIGH. 

WHEN THE SIGNAL AT THE "PHIO" INPUT LEADS THE SIGNAL AT THE 
"PHI90" INPUT, THE "DOWN" OUTPUT ALTERNATES BETWEEN HIGH AND LOW 
LEVELS AT HALF THE "CLK" FREQUENCY RATE. ALSO, WHEN THE SIGNAL 
AT THE "PHIO" INPUT LAGS THE SIGNAL AT THE "PHI90" INPUT, THE 
"UP" OUTPUT ALTERNATES BETWEEN HIGH AND LOW LEVELS AT HALF THE 
"CLK" FREQUENCY RATE. 

THE SHAFT ENCODER FEATURES THE CONFIGURATION AND OUTPUT POLARITY 
TO DRIVE AN 74S193 TYPE UP/DOWN COUNTER. 

THIS DESIGN WITH GLITCHFREE OUTPUTS WILL BE EXTREMELY USEFUL IN 
ELECTRICALLY NOISY ENVIRONMENTS. THE PINNING IS GIVEN AS A FIRST 
PROPOSAL AND CAN BE CHANGED ACCORDING aO THE PC-BOARD LAYOUT. 

P7098 

THIS PAL16P8 IMPLEMENTS A TWO CHANNEL SHAFT ENCODER OF THE TYPE 
USED IN SPEED CONTROLLERS AND OPTICAL DEVICES. 

THE "COUNT" OUTPUT OF THE PAL IS NORMALLY HIGH. DURING SHAFT 
ENCODING THIS OUTPUT ALTERNATES BETWEEN HIGH AND LOW. 

INPUT "X4" SELECTS BETWEEN HALF (X4=H) OR QUARTER (X4==L) CLK 
FREQUENCY OF THE "COUNTER" OUTPUT. 

OUTPUT "UD" DETERMINES WHETHER SIGNAL PHIO LEADS (UD=H) OR LAGS 
(UD>=L) SIGNAL PHI90. 

THE SHAFT ENCODER FEATURES THE CONFIGURATION AND OUTPUT POLARITY 



TO DRIVE AN 74S697 TYPE UP/DOWN COUNTER. 

THIS DESIGN WITH GLITCHFREE OUTPUTS WILL BE EXTREMELY USEFUL ^N 
ELECTRICALLY NOISY ENVIRONMENTS. THE PINNING IS GIVEN AS A FIRST 
PHOl'OSAL AND CAN BE CHANGED ACCORDING TO THE PC-BOARD LAYOUT. 



P7099 

i 

THIS PAL20X10 IMPLEMENTS A TV/O CHANNEL SHAFT 
INTERNAL 4-BIT UP/DOWN COUNTER. 



ENCODER WITH AN 



BOTH THE "UP- AND "DOWN" OUTPUTS OF THE PAL ARE NORMALLY AT HIGH. 

WHEN THE SIGNAL AT THE "PHIO" INPUT LEADS THE SIGNAL AT THE 
"PIII90" INPUT, THE "DOWN" OUTPUT ALTERNATES BETWEEN HIGH AND LOW 
LEVELS AND THE COUNTER WILL COUNT DOWN. WI'EN THE SIGNAL AT THE 
"PHIO" INPUT LEADS THE SIGNAL AT THE "PH190" INPUT, THE "UP" 
OUTPUT ALTERNATES BETWEEN HIGH AND LOW LEVELS AND THE COUNTER 
WILL COUNT UP. 



IK'PUT "X4" SELECTS BETWEEN HALF (X4 = H) OH 
FREQUENCY OF THE COUNTER OUTPUTS. 



QUARTER {X4=L) CLK 



THE INTERNAL 4-BIT SYNCHRONOUS COUNTER HAS COUNT UP, COUNT DOWN 
CAPABILITIES. ALSO, THE COUNTER CAN PMALIEL LOAD AND HOLD DATA 
INDEPENDENTLY OF OHE SHAFT ENCODER SECTION. THE REGISTERS ARE 
SYNCHRONOUSLY INITIALIZED WHEN /SET IS HELD LOW. 



THE CONTROL INPUTS PROVIDE THESE OPERATIONS 
SYNCHRONOUSLY AT THE RISING EDGE OF THE CLOCK. 



WHICH OCCUR 
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IBH PC 

1. Version 1.6C released on September 15, 1983. This version is 
conpatible with the VAXll version. 

2. Version 1.7A released March 15. 19H4 to handle the 20AP PAL 
tamlly. 

INTEL/MDS 

1. Version 2.40 released September 15, 1983. 

CP/M 

1. Version l.OU released September 15, 19B3. 

2. Version 1.7A released March 15, 1984 to handle the 20AP PAL 
tamlly. 

VAXll/ IBM MAINFRAMES 

1. Version 1.6C released September 15, 1983. 

2, Version 1.7A released March IS, 1984 to handle the 20AP PAL 
tamlly. 



(c) Copyright Monolithic Memories Inc. 1984 All Rights Reserved. 



Appendix F: A PAL Priner 



paqe F-l 



PAU Training 




MonoUiMc^/iM 



Momorlos 
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m^ 



.Monolithic uuiUJ Memories 
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I TIMt^ J^ 



»»iH»»»l« K/J mm m trttm. 
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PAL BENEFITS AND FEATURES 




•MonoMMo IRllUi Mamorta*. 



PAL — BENEFITS AND FEATURES 

• Rtduca chip counl 12 to 1 or grtattr 

• 2S m typical dtlay 

• Low cost with h«id maslc option* (HAL) 

• IS parta raplaca 90% of convtnlional TTL Logic 

• Socond aouica avaUabl* 



.MommMM* 



Wmm„mHmm 
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FPLA 



riioo«AWM*iil 



^^^^ 




Moaiui»i**ic VAAaJ 

ANO 



mtmfmfSimmmmHma- 



PAL 






^U^^ 


'lite 

on 




t:::::i:: 


>-♦-•■-— 






in 




^ r 


mOOAAMMAaU 
ANO 


WW 
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GATE ARRAY 

Advantage*: 

• Higher number of galea available, good lor VLSI function 

• Available In dmarent leehnologlea l.t„ CMOS, NMOS, 
CML i^L. Bipolar TTL 

DIaadvantagei: 

• Tahea Ihrao (3) montha before one aeea the aample 
prototype 

• Initial coal vary high ($5,000 lo $10,000) 

• Higher number of pinoula (40-pln typical) 

• Chip layout — IneHlclenI 

• Looae deeign tolerance* 

• No aecond aource 
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PAL VS GATE ARRAY 





PAL 


GATE ARRAY 


PROTOTYPES 


INSTANT 


12-16 WEEKS 


DEVELOPMENT 


NONE 


30-60 K$ 


COST 






SECOND SOURCE 


THREE 


NONE 


DENSITY 


250 GATES 


UP TO 1000 GATES 





FUSE PROGRAMMABLE LOGIC | 






DEVICES 






AND 


OR OUTPUT OPTIONS 




PBOM 


FIXED 


PROG 


TS,OC 




FPLA 


PROO 


PROG 


TS, OC. FUSIBLE POLARITV 






FPGA 


PROG 


NONE 


TS. OC. FUSIBLE POLARITV 






PMUX 


FIX/PROG 


FIXED 


TS 






PAL 


PROG 


FIXED 


TS. REGISTERED, FEEDBACK. I/O 









THE PROGRAMMABLE SOLUTION 

• FILLING THE GAP BETWEEN SSI/MSI AND CUSTOM 

• SSI/MSI HAS LIMITED INTEGRATION CAPABILITY 

• CUSTOM REQUIRES LARGE VOLUME AND LONG 
DESIGN CYCLE 
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HALS 
Hard Array Logic 

• H ALs are a type ol Gale array and are mask programmable. 

• In addition to all Ihe advanlages ol PALs, the HALs are 
very cosi eilecUve In larger volume. 

• Initial development cost It very low as compared to Ihe 
Gale arrays. 

• Use PALs for prototyping and HALs tor volume production. 



iAfiflMemorfos 



.Monom/iloUUnUMemorfos 



PROGRAMMABILiTY MASK vs FUSE? 





MASK 


FUSE 


SOFTWARE 


EXTENSIVE 


SIMPLE EQUATIONS 
TO FUSE PATTERN 


FLEXIBILITY 


FIXED-CHANGE IS 
DIFFICULT 


EASILY CHANCED 


DESIGN CVCLE 


4-6 iitonlhs 


INSTANT 


PnOTOTVPING 


BREADBOARD AND 
SOFTWARE REQUIRE 
AN ELABORATE 
DEVELOPMENT SYSTEM. 
TRANSFERRED TO MASK 
AT VENDOR 


SIMPLE SOFTWARE 
AND LOW COST 
PROGRAMMER AT 
CUSTOMER OR 
DISTRIBUTOR 


COST 


LONG TERM COST 
EFFECTIVE 


IMPROVEMENT OVER 
SSI. MSI TTL 


CUSTOMER FIT 


MEDIUM TO LARGE 
COMPANIES 


ANYONE 


2NO SOURCE 


GENERALLY NONE 


I.ICENSCD 3NO 
SOURCES 
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PAL Training 

Seminar 
Supplement 



I. Boolean Algebra Raviaw 

Conunuuiiv* Property A'B • B'A 

A->B'B>A 

A»soci«tive Property 



Disinbuti»e Property 



A-(B-C) • JA-BrC 
A - IB - C» • JA - B> - C 

A-(B • C) • A-B - A-C 
A-B*C«tA-B)-(A-Cl 



Postulates 
O'O '0 

0«1 

Theorems 
A-O'A 
A'1>A 

A'O'O 


I'O '0 

O'fl 

T«0 

A'A'A 

<A|»A 

<A)'A 
A-A*0 

T) • A • B • C • ... 
. MA • B ' C • ..) 
) . A . 8 • C ♦ 


O'O'O 
I'I'l 

A»A«A 
A*A<1 


(A . B ♦ C - 
A • B • C ♦ 


— Oe Morgan 


(A • B • C • . 


— Oe Morgan 


A • B '0 • . 
A*lA-B|»A» 
A ♦ A'B ■ A'(A 


• (A . B • C ♦ ..) 
A-B>A 
•8)»A 





il. Karnaugh Map Matrix Lablos 



IP to bottom or 


Icti to ngm: 




2- variable 


3- variable 


4-vanabic 


00 


COO 


Add a V MSB and 


01 


OOt 


use trie ^variable 


It 


Oil 


chart tor the first 


10 


010 


hall For the second 




110 


hall, add a 'V MSB 




111 


end repeat the same 




101 


ttiart m i«ver*e order 




100 





This ^iT«e technique may be used lor any numt>er ol variables 
Vtat '~i*t be desired per axis For any axis greater than one 
variable, the lecond-haH is a minor image ol the lirsi-r«ll with 
the MSB equal lo a one (l) This can be seen above when 
comparing ll<e >vanabie list to the 2-vanabie list 
Note ' • AND • • on / ' NOT 



2*Blt Counter Example 

A « LSB B • MSB 



For up Count 


For Oowrn Count 


8 A 


B A 


00 


1 1 


1 


1 


1 


1 


1 1 


00 


00 


1 1 



Using U^ verbal logic language, equations can actually be 
wiillen directly Irom the lurtction tables 

The equation lor A is lairiy obvious. A always toggles 
thus. 

A :» A ; Toggle 

The equation tor B has only Iwo general lunclions They are 
hold (B .• B) and toggle (B • B). Wi also have two modes ol 
count (Up and Oonvn) By mspeciion oi the lunction ubies the 
toUowmg equation is wntten lor 8. 

B :• 6 ' A ' UP : Hold on Up 

<: B ' A ' UP : Hold on Down 

♦ B ' A ' UP : Toggle up 

♦ 8 ' X ' UP : Toggle Down 

Please riote that in« output pins are assumed to Im called A and 
B Thus, trie equations must be written lor A and B. It you use A 
Karnaugh Map to solve ttic above protilem. merely write your 
equations lor the zero's This will result in exactly the same 
solution as shown above 

To demonstrate the llexibilily ol PAL we will now lector in' a 
preMt and clear (botn active high). 
§ :• B ' A ' UP ' PRS 

♦ 6 • A • UP • PRS 

♦ 8 ' A • UP • PRS 
. B ' A • UP ' PRS 

♦ CLR 



Hold on Up 
Hold on Down 
Toggle Up 
Toggle Down 
Clear 



To add a load lunction merely requires arvnner product line. 



8 .^ D1 ' 



' LD ; Load 



• I'A'UP'f^'LO : Hold on up 
> § ' A ' UP ■ PRS • LD ; Hold on Down 

• B • A • UP • PRS ■ LD . Toggle Up 

' B ' A ' UP ' PRS ' LO . Toggle Down 

• CLR : Clear 
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Verbal Logic Language 

Symbol 



Operator 


Pronounced 


Eauiiiiy 


Replaced by 


Eauahty 


Equals 


Not 


rwi 


Or 


Or 


And 


First - II 




Others — And 


XOH 


unless - XOn PALS Only 


And 


Alter unless — And 


03 lO 


. Load 


03 LO 


. Hold 


UP • LD • 02 • Ot 


'00 . Toggle Up 


UP ' LD ' 02 ' 01 


' OO . Toggle Down 



The aoove equation can be read eas>er by moil people using a 

veroai approacn as opposed lo a Boolean approach 

This happens 10 be ine PAL equation lor me inree-bit ol a tO-bit 

up/dOwn counter with load 

03 IS replaced by D3 (load lunction) il load ILO) >s asserted Or 

03 IS replaced by 03 (hold luiKtion) il load is rtot asserted 

unless all lesser signilicani bits are high artd we are counting 

up or all lesser signiiicani bus are low artd ¥>e a<e counting 

down 

This equation was wnnen lor a PAL 20X10 The XOR actually 
translorms the O-regisier into a toggle F f 

This same function could tc wriltcn wiinout the aid of tne XOR 
gate However, n wouid require more product termf More on 
this wnen we get to the power ol the XOR gate 
To include a preset function in this counter merely and each 
term with PBS lor tn active high preset or with PRS tor an 
active low preset 

In general a preset costs an input line and a Clear costs a 
product line 

Ttie Power of the Exclusive*OR 

Shown below is tne Karnaugh Map of the lour-bit of a len-bil 

up.'down counter 

ucw 

MtM 
• MM I 

Mill 



-N 


oao 


001 


oil 


eia 


i<« 


111 


101 


too 


«oe 


'|A\ 


4 


ks 




« 




35 


cat 


/* 


' ( 





r 




I 






»i« 


^ 







*/ 


1 


1 






tit 


'i 




^ 


> 




1 






no 


< 






y 




1 






III 


• 




« 


a 




3> ' 




101 





1* 


a 


^ 




'1' 




ISO 


Vi.Vf 'ly 




•I'mI 



page r-\ 1 

On tne rigni are tre outputs of tne iwe low order bits These 
nave bttn mapped as snown above 

To solve m.j not us^ng me xOR gaie reqw/es nine product 
terms Tnis it Oj* to ir^e exceptions scanered tnrougiH>ui 
the map 
The equation lor tnis output 'S as follows 



E • B • UP 






. M7H0ldS^ 


E • A • UP 








EBA 








E'O-B 








EO-B 








iDC 








EOC 








E'O'C'B 
e:6'CB 


A 
A 


UP 
UP 


. 8 (Toggle upl 
■ 9 (Toggle Down) 



IMow lets look at me same Karnaugh Map m a ditfereni light 
Note that tr\e entire left halt is zeros witn h«o exceptions 
And that the rigni haif is an ones with two exceptions 
Also note mat mis ■$ me value of E Thus this entire Map — with 
loji exceptions — reduces to 

E ° E . Hold Slate 

The exclusive or operator is me 'exception' operator Using our 
verbal logic language we could suic mat we want me «aiua of E 
to hold unless we are m one of me lour exception ceils 
Closer examination reveals mai me tour ceiis actually reduce to 
two pairs ol cells These pairs are 

D • C • B • * ■ UP AND 

5 • C • B • A • UP 
Hence our entire eq jation mat was nine product terms is now 
reduced fo three product terms as follows 

E ' E . Hold 

• D • C • B • A • UP . Toggle Up 

• ■ C • B • A • UP . Toggle Down 
This can be read as follows 

Not E IS replaced by Not E unless all lesser significant bits are 
high and we are counting up or ail lesser significant pits are low 
and we are counting down 



\l« 


00. 


oil 


010 


no 


III 


lot 


too 


•»l[> 


a 


a 







1 


1 


4] 


-1 • 


a 


a 







1 


1 


1 


ei.l 


1 |o 


< 


• 


• 


1 


010 1 


•!• 


• 


1 ! 1 


• 


1 


tio: « j a 1 


•l 




1 


. .1 


lllj 1 jO 


•1 




<t] 


• 


•1 


lOli 1 1 


a|.;.|.,.| 


i.o;.,.;o|.|.j.(,|.| 
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ANIHM AIMAV 



ANO-MOR ARRAY 



kin* 





REGISTER WITH FEEDBACK CELL 

CLOCK 1 


! 

-I— I/O 




'I'lj!' ;'!! f';! ijil liiiil'j-frf--' 

i^iiiilliiiiilliiiillliiili 


u^— 


^ 




PROGRAMMABLE I/O 




1 — Cc 




m 


1 


i 


tt- 










Ml 


m,m»,tDmm 



REGISTERED ARITHMETIC CELL 




.mmmmatM^mi i i ■ i 
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ORDERING INFORMATION 

PROGRAMMABLE ARRAY LOGIC FAMILY 
NUMBER OF ARRAY INPUTS 



Lllli J- 



OUTPUT TYPE 

H - ACTIVC HIOH 
L > ACTIVC LOW 
C • COMPLEMENT ARV 

H - heoistereo 

I • CXCLUSIVE-OR RECISTERCO 
A - ARITHMETIC REGISTERED 

NUMBER OF OUTPUT TYPE 

r— TEMPERATURE RANGE 
C«0*CTO+WC 

M - -ss'c TO iias'c 
PACKAGE 



' PLASTIC OIP 
< CERAMIC OIF 



PAL14L4CN 



•ManaMMol 



PAL TECHNOLOGY 

BIPOLAR TTL SCHOTTKY PROCESS 

PT-SI SCHOTTKY 

Tl-W FUSE 

SINGLE LAYER AND DUAL LAYER METAL 

EMITTER FOLLOWER ARRAY 

20 PIN SKINNY DIP (OJ" WIDE) PACKAGE 



mMona 



m 



J 
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PAL ARRAY FORMAT 



ANO-on 

CmCWTOtAOMM 



-c 



'-Or 



t 



.h TV 



r 



■^ 
^ 



^- 



by,- Lv- 



(h (h 



■ESS* 



.■tMnWUmlWaWiMnrln- 



FUSIBLE LINKS 




uNMoanAMMco ru«i miomammeo rut* 



,MMM<HM*MKjMbOT*r<M— 




»PJ3ll«i«.ir«.« 
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LO 

hi h 


Gl 


' ' ' 

C DIAGRAM PAL12L6 

mntTB (•■m 

4 - • 


1 ... Ki 




w* 


















- m 




— 








§4> ! 


hi 
















B-4-^ 

r7H~Ni 


Ua 




h» 














B-l_> 


f 




m 

a 

5 . K 














B-L> 


J— 






• hi 














\A-i_^ 

D— T~X_ • 


14 








' hi 














&-L> 


I* 










m- - 














— H> -" 














DH — 

r\ •> 


1* 

• 1^ . ■ 














f4 

1 ^ 


"P» H 








1 fj MM Ml^ ^ 

Monallthlo IaIaII MemoHmm i 
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PAL INPUT/OUTPUT/FUNCTION CHART 






Mt l«pulieulp««'*uM«Mi chwl 










OUTMII 


■ •• 




.;?« 


<0J 


J't.. 






Mtt«C*| 

t»t<tl«l 


t 
• 
• 

• 

• 
• 




• 
i 




iMooa |««p<i»c«<t«i«i" 

MOM iMXWOHf MWn 

WOW* ONOOMXn GUI OMUI 

AMO Nnn iMO Oft M«vcni c*t| MWM 
«MOM)li >*a«<WM«<m 0*tC «MI«V 

■OfM- JM«CMCAti *^»W 
MA MOM lw«OftlWVtMIG*l| MM* 
MO NOM ••«OOM MrtftI MMv W aCG t 
•««M1« iMOONMvfHt MHIAf AMOS 
M«MaW lM«0ft«l«(ll1 MMU« w ntOt 

•W to* |<M> W ran anili' ■• ate > 

MO NOW tM« CMM* Oa «0« MVf Mf M MG $ 


» 

n 
n 

» 

M 

» 


IJ 


» 

M 
U 

** 

•w 


im^i'm^tKOimmtHOfOmt.mtf 









SCHEMATIC OF INPUTS AND OUTPUTS 



aouivMJMv Mpur 



tvMCAtounur 



^ 



2 
S 




.MmmMM 



>iiR!lwwT<i* 
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PAL SVMBOLOGY 



•33- 



« a c 



EE3. 



mttrnmumtmnlimummntm. 



PAL LOGIC CONVERSION 



«>-(*» •! CO 




r •/«•/■ .c-o 

EES. 



.i>«i«f>«illM/Wiin » 
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Constants 



LOW ILl NEGATIVE (N) ZERO (0) GNO FALSE 
HIGH (HI POSITIVE (P) ONE (1) Vcc TRUE 



FUSE NOT BLOWN 
FUSE BLOWN 



Operators 

(IN HIERARCHV 
OF EVALUATION) 



Equations 



I COMMENT FOLUMIS 

/ COMPLEMENT. PREFIX TO A PIN NAME 

• AND (PRODUCT) 

> OR (SUM) 
:>< XOR (EXCLUSIVE OR) 
:*: XNOR (EXCLUSIVE NOR) 
( ) CONDITIONAL THREE-STATE (IF STATEMENT) OR FIXED SYMBOL 

» EQUALITY 
I- REPLACED BY AFTER THE LOW TO HIGH TRANSITION OF THE CLOCK 



Standard 



I, Ij » I, ij 



PALASM 



01 



U»/I2 ♦ /I1*I2 



Function Table 
States 



a - BiqB LEVEL 
L - LOW LEVEL 
X - IRRELEVANT 



TRANSITION FROM LOW TO BIGH 
OFF (HIGH IMPEDANCE) 



Test 
Conditions 



a • TEST BICB 
L - TEST LOW 
X - initELZVANT 



DRIVE BIGH 
DRIVE LOM 



DRIVE INPUT FROM LOW TO BIGH 
TEST FOR HIGH IMPEDANCE 



Conventional Symbology 



, — oD T 

4^^ — 1 



PAL Symbology f~^ 



"-C^ 



^\cS^ 



'•-t^ 






rUM tLOWM 

FUM NOT tLOWN 



•tns: 



tOOIC STAT« 
H I t H 



rj-i^ 



PMOOUCT WITM «LL FUSES 
/ tLOWN RIMAINS HIOH 



■o 



V. 



" — Cs- 




J>" 



■D-4 






PAL Logic Diagram 



IN»UT lINt HUMMM 



tOQUCT 

IINI 

tUMStll 



win -1 * 
)MHIl / ■' 

r " 



s 



5Pn 



^ *''il Hi> ii n 



ttt 




STANOANO SUM OF VMOOUCTS 
IS fOUATCD AT TMESt NOOIt 
'•(Font THI SUSSIX) 



-rf 
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STANDARD PAL LOGIC EQUATION 




STANDARD SUM OF PRODUCTS 
IS EQUATED AT THESE NODES 
(BEFORE THE BUBBLE) 



lURlliMMtrarta*.—. 



.HHmoUthlommWImmoHmm 



BUBBLE THEORY 


:D- 


0=0 


:0 


^::3- 


=^t> 


osO 


•=C^ 


os^>- 


■■^-zy 


0:^0 
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COMBINATORIAL PAL I 



! 

NAND-NANO ' s 



ORNANO 




COMBINATORIAL PAL II 



F • ilK ■> >tc • &c6| 




MonoaUitoMaMm m o H mm 
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SEQUENTIAL LOGIC/STATE MACHINE 



LD 



SECTION OF PAL16R6 
LOGIC DIAGRAM 



.EJpJl 




MULTI-LEVEL LOGIC REDUCTION 



Ft ' • k * c Id > ■') * If' 'h l| ♦ » 



NANO 
Ntlwoik 




ANO'On NETWOHK 
(PAL 1*H}) 
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PROGRAMMING 



■MMa lUROWMMrd^. 





PAL PnOGRAMMINQ 




FuMpMtom 


1 PALASM 






II MANUAL COOINQ 


-t^ 



PALASM FEATURES 

I rALASM It • rONTRAN IV p«>«i>m. 

' AMinb ft Logic M|u«Mn« tnd gtntntn hiM p*ll»fnt. 

' Logic •qualon* tr* «««l*f«4 In thm forai Mtown In • PAL 



' PALASM ou^ul an M In *ny ol IIM lollowing loflnic 
I HCI (PHOM Piogitmrnw ronn*l| 

1 SHLr (PROM PntiwTHiwf Fomxll 

I IPNT IPnOM PntxnMMr Pwnwil 

4 ruMPM 
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PALASM OPERATORS 

= EQUAL. .EQ. 
: = REPLACED BY FOLLOWING | 

/ COMPLEMENT 

* AND. PRODUCT 

+ OR. SUM 
: + : XOn, .NE. (FOR PAL16A4. t6X4 ONLY) 
: * : XNOR. .EQ. (FOR PAL16A4, 16X4 ONLY) 

O CONDITIONAL THREE STATE. ARITHMETIC 



.MonoUlhkt 



m 



9^9tt9tH*W09m 



SAMPLE PAL DESIGN SPECIFICATION 

PAL PART NO. (MUST START AT LINE 1. COLUMN I) 

PATTERN NO. 

NAME OF DEVICE (MUST START ON LINE 3) 




PALXXX.< 
PAT NO XXX' 

N»«E or Device 

CX SB 00 Ot 0] 01 04 Di SL CND /E HILO OS Q4 Ot 0> 01 CO LIRO VCC 



irisR 


/SLI / 


LIRO - 


/QO 




••00 :• 


/SR« 


'Sf '00 


» SR'/SL 


/Ql . 


/Ol 




/SR' 


SL'/Ql 


• SB'/SL 


/Ol ♦ 


■02 




/SR- 


'St»/QJ 


» SR'SL 


■01 • 


'01 




/SB- 


SL'/Ql 


» SB«/SL 


/04 . 


/Q« 




/SR« 


/Sf/04 


♦ SB* 'St 


/OS . 


/OS 




/SR< 


/SL'/QS 


♦ SB«/SL 


/BtLO 



SR'SL'/LIRO • SR-SL'/OO 
SR'SL'.'OO ♦ SR'SL' 01 
SB'SL'/Ql ♦ SB'Sl'02 
SB'SL"01 • SB'SL*/01 
SB«SL*/OJ ♦ SB»SL«'D4 
♦ /SB«SL*/0« • SB»SL'/OS 



If I SR'SL) RILO • /OS-« — CONDITIONAL THREE STATE 

ruNCTlON TABLE ■• — (OPTIONAL) 

SL SR OS 04 01 01 01 00 CR C RILO LIRO OS 04 01 0) 01 CO 



PIN LIST (MUST START ON LINE S) 
CONSISTS OF 30 SYMBOLIC NAMES 
WHICH ARE CONSECUTIVELY 
ASSIGNED TO PINS 1 THRU SO. 

EQUATIONS 



L L L C N 

X X X C H 

X X X X L 

H H H C H 

X X X C K 

X X X I L 

X X X C N 

X X X C H 



L I L L L L LOAO ZEROS 



I I L L 



TEST NO OP 
TEST MI -I 
LOAO ONI S 
TEST NO OP 
TEST Ml-l 
LT SUET IN » I 
LT SHET IN » M 



^^^ PALASM STOPS COMPILING AT FIRST UNDEFINED SYMBOL 

DtSCRIPTlON-^^^ 

THIS PARACIIAPH OESCRIBES THE OPERATION OE THE DEVICE. 

APPLICATION INFORHATtON NAT ALSO BE PROVtOEO. 



.Mhtnollthlo 



m 



Mv0tfTfO#T#tffl 



ights Reserved. 



(c) Copyright Monolithic Memories Inc. 1964 All Rights RcseEved. 



Appendix F: A PAL Priaec 



page F-24 



MANUAL CODING 

Proccdim lor gwiMallna a fuM pallMn. 

• Write logic •quallon* In tho turn ol product lorm. 

• SvlMlaPAL. 

• Fill out tho Logic diagnm. 

• Trantter information Irom tlia logic diagram to tha 
prognmming tormat 

• Load tha data from programming formal Into a PAL 
programmar and program tha PALa. 

Wk uMiKthla Vil 



PHANTOM FUSE LEGEND 

PAL10H8 PAL16H2 PAL12L6 
PAL12H6 PAL16C1 PAL14L4 
PAL14H4 PAL10L8 PAL16L2 





ACTIVE MOH LOOiC 


ACTIVE LOW LOGIC 


(PAL lOHa. 12H6. ^^0 
UH4 16H2) 


(PAL 10L8, 12L6. 
\*l*. 16L2) 


1) Missing output 


H (P.I) ^ 


L (N,0( ♦ 


2) Missing product 


t (N.OI 4- 


L (N.O) 4- 


3) Missmg input iin«s 


H (P.I) ^ 


H (P. 1) # 



Nol* I MuKcif pcMucI Icm ootnidM noiting Mipui lin« 

NoM i fv PAII6CI )>r« n«M ol mt wrty (pfoduci Itrmt O-JII Kl< •• 
•Cliv* hign logic aod »• Mcend hortol H<* array (prooucl Mrmt U- 
•31 acii aa acinx low logw da«ica 



li ft J Ht t tn mfl M mtin it mm 
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LOGIC DIAGRAM CONTAINING 
PHANTOM FUSES 



nil till if^M mjMit «i»«it tfnn Miiut aasii 




Mi 
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PROGRAMMING FORMAT CONTAINING 
PHANTOM FUSES 



^ 



I! s 



O, It 
l»o-< 



9 H 



XI 



It I' rt.n 



rr-i 

Mm m w 



rr 



fFFf 



M 



-M 



m-T 



i±L 



It 



a 



± 



B: 



er 



M M 



Mil 



rrrrt 



rr 



tH. 



-k^. 



LL 



ITTT 



iW 



rr 



w 



1 1 It 



Ff 



£3E 



rt 



e-^^ 



i?* 



TTTT 
H H 
N H 

JB_it 



-U 



111 



ii 



a: 



-H.H 
.M H 
-H.H 



mrr 



jil 



s? 



TT 



HHEII 



» It It 



fTrtr 



I. I ft 



^^H: 



M W M M 



H H H H 

N H 

H H 

M M 



I I i I 
I It I 
t. t t t 



>K lit 'M < 



I t I • • « 



H H H H 

iXH 

I. ILL 



't It ■ II n n 



M M 

H N 

H HH M 



-M 



1 1 J. .1 



rrrr 



rr 



w » w 



M H M H 
H H 
H.H 



iH^ 



H M H H 

i t I t 

I I t I 

V V L V 



Uil 



I .ii^TTi'l 



LtU 



N M 
N H 



. H H 
. H M 
. .H M 



rrrr 



TTT 



i III 



M H H H 
. MM 
- .M M 



M K ll H 
M M 
M M 



-M 



tt t> M M 

till 



i4 H H d 

L I. t 1. 
lilt 



'N 'H '■ ■>» 

t< H H H 

mi 



iM tM .11 m 
H H W H 



Uiilt 



i± 



I I I r 



MM 



till 



c:i £ I 



FTTT 



rrrr 



M M M H 



±ki 



«■ i i I 

mi 



mi 



n n nn 



44^ 



^ 



rrrr 

t t i.C 



1 1 1 1 



It i I 
till 

W M H M 



rrrr 



iTjrTrw 



•4> U.H 



H H H H 
I ILL 
L ILL 



MM R N 



m 



\m 



■iii'tatiiinHiiiinaaaii 
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APPLICATIONS 




iftiiinryiiBRIIniiinitu 



EXAMPLE — BASIC GATES 




•=€>-' =0 



:::... :^e>- 



m. 



-J 




.«^EE3. 
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LOGIC DIAGRAM-BASIC GATES 



MMTS ie-»i 
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DESIGN SPECIFICATION — 
PALASM OUTPUT: BASIC GATES 



•• reoii ••• ••• 

lOU* ML DCSICM tnC IS HCCtPTCO •$ KMOIITHIC ntlWHtS *IT 
yATTCKM NUM»C« POOIll . TOU* MSSW090 IS PQt)^St> . 
VLtASC COMri*f* THlkT THCSC (QUATIOMS AKC COmtCCr. MONOLITHIC 
HP40IIICS HILL HOT POOCCSS * PDOOUCTIOM OHOCD HITKOU* PPOrtH 
APMOVAL. use IP HO. POOIll HHCN PLACIHS A PPOCPMW1INC OPOC*. 



CUSrOMCV COHrtPHATION 
I Hlivt •CvmtD THIS POL OeSICN SPtCiriCIITIOH «H0 UMDCPSTMID 
THAT PkLS OPOCPCO Of IIT PkTTCHH HUMItH P002II WILL ftl 
PPOUMWCO >S SPECiriCD •CLOU. 

CUSTOMC* C0»1P*H« HAJ4C CITf,ST*Tt - 

AUTHOHISCO SICHATL'Pt OATC ' 

NAMC IPPIHTI TITLl 



PALI2H4 
POOSSH 
•«SIC COTCS IMKPLI 



t'C* 



■■•r>c 

0./H»/H 
••P«/0«/P«Q 
L./l'/J*/« 
OCSCPIPTIOM: THIS tlMPLI ILLUS-VHTtS TH( USC Or PUSItLC LOCH 
IMPLD«KHT THC lASIC CATCS. . 



.MonolflMoll 



PALASM OUTPUT 

HEX FORMAT PAL12H6 





B F 7 


fforrrrrr 


r F F F F F F 




r 


r r 


F 








» 9 9 

1 I 1 

1 1 I 

1 t 

I I 

t I 


999I9FF99 
1 1 I I 1 I 1 1 1 
111113 3 11 
1 1 t I I 1 1 I I 

1 1 1 1 1 1 I 1 1 


r F 9 9 F F 9 

1 3 1 1 3 I 1 

13 113 3 1 

1 1 1 1 1 I 

I 1 I I 1 1 

1 1 1 1 1 1 




F 

1 
I 
I 


r 9 
> 1 

3 1 
1 
1 
1 


9 

1 
I 
I 
I 
1 








1 I 

r r r 




I 1 I t 1 1 




I 

F 


r F 


1 









'. t c 










r c 


E 








■ c c 








C ( 




C 








1 1 








C ( 




a 








t t 










1 


a 








1 • 




• 1 1 1 S • 




s 




a 








( a 
• 1 




• •(•(( 




( 

8 1 


a 


a 
a 







Mi 



.MtlonoUthSamulmmmor t mm. 
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LOGIC DIAGRAM — MANUAL CODING: 
BASIC GATES 
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PROGRAMMING FORMAT — MANUAL CODING 
BASIC GATES 



< I 

Ol" 



Si 

It 



r n H u 



r 

1 1 
I ! 



(.0.. 


A-'^i i, 


.1 rr 


^^ .1 J 


'■ * ' ^ 


1 -'I T 


. i 1 - 








"H K.F 

tt u & K 


MM Mm 


M fc M M 
U H H H 

mHhm 


fit-!!!! 

II h i) H 
if 5 ii H 


bJ«.M M 
MHHM 
H M M M 


H y H H 
ll M H H 
H H M M 


H.f. fin' 

u.i .a .f 

H f .t> .M 
H H H H 


i.a.tt 

MHHM 


1 «cwe 


>» 1 n n 


1. i» n r 


n i» " >» 


R n H !• 




i » V 


a i v* 


1 ■ > V 


V "> 


» H H > 

t «. \. i 

H H H M 


M M H H 


t f S 1! 


•• a h M 

l.«. H.H 
l.l- MM 

R f !! 1 


lilZ 


" f H ti 
1. L M M 
I L M M 
MHHM 


I k.k L 
III t 


L I L L 
L L L L 

M M M H 


1.-. 






■ • « « 




H > u u 


M » « V. 


a a w u 


« a 1. V 




J-.l 11 

M H H H 


H H H H 


)4 M M M 


I L.l I 
1..1..1 I 

I t M M 
H M MM 


III I 


I I I I 
I I I I 
U I M M 
H H H H 


I I IT 

I I I I 

M i i!; 


I I I I 

M H M H 


I.O.. 


■ 1' « U 




; ■ « •• 














LI 11 

t4 H H M 


I III 

ttXi 

H H H H 


[[It 

H H M H 


III I 
I I I l 
L L M M 
M H M M 


I l.l I 

1 L L I 
I U H H 
MHHM 


lilt 
l.l I I 
k. L H H 

M MM H 


I I IT 

I I I I 
<- I I i 

M H H H 


I I IT 

I IT I 
U L 1. L 

M H M H 


(.o.. 


>'i.'li 1. 


••■■•' 


■ ■ 1. • 


« > « « 


■ 1 ■ B 










11 I I 
I 1. I I 
I I I I 

M M M M 


I I I L 

H M M M 


I III 
I I I I 
I III 

M H M H 


l.l I I 
I I I I 
I I I I 


I I I I 
I I I I 
L I I I 


I I I I 
I I I I 
I I 1. I 
MHHM 


I I I I 
I I I I 

I L I I 


I I I c 

I I I I 
I I I I 




r-rrx 
till 
till 

H H H H 


i-TTT 
I I I I 

H H H M 


11 I I 
I I I I 
I I I I 

M M M H 


I I i-i 
I 11 I 


I I I I 
I I I I 


L I I I 
I I I I 


fr-rr 
I I I I 
I I I I 


rf-H- 
I I I I 
I I l.l 


(.,.. 


b f. (1 !. 


u a u (• 


-J a t. ti 


a II u (. 


a 1 ■ X 




a a H a 






i I i I 

V I I l 
L I I I 


L III 

I 1. 1 I 
I I I 1. 

H M M M 


I I 11 
I III 
I I I I 

H M M M 


I I I I 

II I I 
I I I L 


I I I I 
I I I I 
I L I I 

MHHM 


I I I I 
I I I I 
l I I I 


I I I I 
I I I I 
I I I L 


I I t. I 
I I k I 
I I I I 


(.<«. 




• 


■I II ■• II 


11 II n !■ 




li •! H ■- 








I I L L 

II 1- I. 
l I I I 


I 1, I I 
I. I I I 
I I I I 


III I 
till 
I I I I 


I I I I 
I I L I 
I I I I 


I I I I 
I I t. I. 
I I I I 


i I l.l 
I I l I 

L I I I 


I III 
l.l l.l 
I I I I 


k I l.l 
I I I I 
I I I I 


i ••'•e 


> '■ ■ s 


•• '■ > 1' 


■ ■ > > 


■ ■ a • 


•1 < I-i 


ill 


1 1 '• 1 




°: - 


H H H H 
(t (4 M M 
tt H N H 
M •« M k 


H N H H 
H H H H 

U H II H 


» b H H 


M H M M 


MHHM 
H H H M 

M L H H 


MHHM 
M • M M 


M M M M 

H a a a 
H I H » 

11"" 


MHHM 

a I u M 

H M M 1. 

a N a il 


|.o-. 








K n n n 


1 1 1 1! 


H « * 1 


3 1 U i. 


M a » ■; 




P n M « 

H » » » 
1. L 1. L 


H •• U m 
M k H H 
L L L L 


n •( n H 

H H H H 
b M M M 
L I H H 


H.H.M H 

1. I M M 


M H H H 

S H 14 M 
L I M M 


•1 H H H 
H k M M 
L L H M 


Ill, H h 
U H >( M 
L L I L 




\ «o*« 














M a U H 


a a a V 


0* ■* 


K u H M 

I I I I 
till 


M M H H 
I I I I 
I I I I 


» fl H H 
11 I I 
I I I I 


II fc M M 

WW 


M tl H H 
I I I I 
I I I I 


MHHM 
MHHM 
I I I I 
L L I I 


M M M M 
H.H t. L 
I I I k 
I I L L 


H H ■» H 


|.^ 


• >. tl >' 


W '■ ■ '!> 


■ '■ « ■ 


'K ■ ■ » 




. 1 1 










I I > L 
l t I l 

-c4-H 


I k H H 
I 11 I 
I I I V 


MHHM 
L I M M 
I I I I 


L I. H M 
I I I I 
I >■ ^ V 


k U M M 
I I I I 
I k k I 


M M H H 
L k. L L 

I l.l I 
I I k I 


1 1 1 1 

I k k I 


e. M 


1. 1 LI 
1- t, 1- L 


tttt 

I L I I 


1111 


ll M M M 
I III 
I I I I 

I 1. L I 


i. I \ I 
>. I .1 I 
I I I I 


w\\ 

L I I I 


MM H.H 
k k.l I 
I I l.l 
I I I 1. 


H n.ii.ti 
I I I I 
I III 

L I L I 










a 1 m f 








> a ■ a 


i; H 


«^ I. l I 
L L I I 
I I I I 


I. I I I 
I III 

I I L I 


M H M H 
I I I I 
I 11 I 
L I L L 


H M H M 
I I I I 
I I I I 
I L I I 


I I 1. I 
I I I I 

L L L I 


\w\ 


I I I I 

i;i:t I 
i I I I 


M >4 H U 

till 


1 woae 


a' I .u b 


t. n a r 


a a o II 




■ 1 -a B 


M ■ a 1 


a a a a 


« a ■ ■ 


I: 'i 


U'H'H H 

I I 1. I 
I I I. I 
till 


M H H H 
l I I I 
I I V I 
I I I I 


H M M H 

III 1. 

tut 


I I I i 


I I L .1 


I'll I 

^w\ 


I I I I 
I I I I 

I I I I 


A A H H 
I I I I 


(.—- 










•* '■ •• '1 








•• •■ 


H H U H 
I I I I 


N H H H 

Lk. , 1.... 


U H H U 


H H U H 

Lilt 

k.L.k.L 


Wit 

kill 


H H U H 

I .1 .1 A 
I t .1 J. 
k k k .1 


I k.k.l 
I .l.l. I 
k.k.k k 


I I k.l 
tt-ti 
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PALASM OUTPUT: BASIC GATES 

FUSE PLOT PAL12H6 



• 0000 0000 0000 0000 0000 0000 0000 0000 
I 0000 0000 OOOe OOOO OOOO OOOO OOOO 0000 
} OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 
) OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

) OOOO OOOO OOOO OOOU OOOO OOOO OOOO OOOO 



-00 --0O --00 -'OO ■ 



« ■•■• nil tMO IMO IfOO IIOO till •■•• 
■ • ■•<■ ■■■■ tlOO IMO IIOO IIOO ■•■■ ••II 

It ml •••• IIOO IIOO IIOO lioo laii ••>> 
II oee* MM MM IMO iMt COS* MM au* 

II 000* OOM OM* IM« *Mt MM OMt (HO 
l« COM COM (OM MM MOl OM* MO* MOO 
II MO* **M (M* *M* *M* SM* M** (M* 

I* S'l* •••- --0O --00 --00 --OO •••• -•-• C*B 

I* itii isii IIOO iioo IIOO IIOO nil nil 

I* •**• ***« OM* ••*• (M* OM* *«** OMO 
I* taM *M* **** «M* ***• **** •••* *••* 
I* *••• *M* **H **H (M* **** *•*• *M* 
It a*M *M* **M **M *M* *•*• *••* ••«* 

{I ***• **M **M *M* **M **M •*•* *M* 
I *(M *«M **M *tM MM* **M tM* (M* 

H 1 00 --00 --00 --00 » 

}1 .--• -... 1-00 --0O --00 --00 ••-- • 

It *M* •«•• ••** **** **** *•** *00*.*0** 

i> **** **M *aM a*M *M* *M* *e** **aa 
I* taa* **M a*M *M* *aM m** **** **m 

1* (H* (M* **M *M* MM (M* **** *M* 



II 00 -100 -100 --00 

II nil iiii IIOO ooo IIOO IIOO nil nil 
H •«** (Ml (((( (M* (((( (M( (M* («*• 
It **H *M* **a* aMa aMa aaaa aaaa aaaa 
II **M **M **M **M **aa aaaa aaaa aaaa 
i> *M* (M( *M* **M **** *(a* aaaa aaaa 



• I aaaa aM* aMa aaa* *••* aaaa aaaa *m> 
•4 aaaa aaa* *«M ***• ***• •*•« aaaa aaaa 
«i (M* ***( *M* **M **aa ata* taaa aaaa 
M aa*a aaM aMa a*M aaM ca*a aeaa ataa 

• > a«M aM* «*M •*M •*M **M **•* aaaa 



•* 



. -00 • -OO - -00 - -00 
-OO --00 --00 --O0 
-00 --00 --00 --00 



It nil nil IIOO noo noo noo iin iiii . 

ti *aa* aaM aaM aaM aaaa aaaa aaaa aaaa 
ti aaa* an* aaM aaaa aaaa aMa aaaa aaaa 
t« aaa* laaa aaaa aMa aaaa aaaa aoaa aaoa 
\\ aaaa aMa aaaa aMa aM* aaaa aaaa aaaa 

«« OOOO 0000 OOOO 0000 0000 OOOO OOOO 0000 
I' OOOO OOOO OOOO OOOO OOOO OOOO OOOO ooco 
la OOOO uOOO OOOO OOOO OOOO OOOO OOOO OOOO 
tl OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 
(a OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 
II OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 
«> OOOO OOOO OOOO OOOO ooco OOOO OOOO OOOO 

a I OOOO OOOO OOOO oooo oooo oooo nooo oooo 
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MEMORY INTERFACE LOGIC FOR 
6800 MICROPROCESSOR BUS 

DESIGN SPECIFICATION PAL10LS 



: ro* «M* iiieM»MccisM Mt 



l*/Alt*PM«atl*V»M|tl*/W 

• 'Ats*rNit»i*«rM»J*/M 
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1. When submitting a HAL design to MHI, logic equations which 
conform to MMI's PAL Design Specification are required. These 
logic equations may be provided through the following means: 

1.1 Direct input to the "MMI User" account on the VAX at MMI 

1.2Senda legible, signed and dated print-out of the 
equations of a PALASM run to the inside sales 
representative or customer sales representative. 

1.3 Floppy disk or magnetic tape in formats acceptable by 
MMI's computer system. 

2. Except for small PALs, a Function Table must be provided. This 
requirement can be waived for programmed PAL samples only. 

3. This Function Table should describe the operation of the 
device and the number of vectors should be sufficient to 
guarantee the functionality of the device. Normal ly, the Function 
Table vectors should test a minimum of 50% of the "stuck at" 
faults as measured by the fault grading of TEGAS. 

4. The Function Table vectors should initialize the device to a 
known state within a specified number of clocks. 

5. Should the simulation by PALASM differ from the simulation by 
TEGAS, the TEGAS simulation will be used. 

6. Any problems that arise shall be handled through the Product 
Marketing Engineer. 

7. MMI will send the LOGIC DESIGN/SAMPLE APPROVAL form to the 
customer for signoff and confirmation. The customer will, at this 
time, have the option of using TGEN, MMI's test generation 
software, to generate additional test vectors. I£ the customer 
elects this option, his/her approval of this TGEN generated test 
pattern is solicited using the CUSTOMER TEST PATTERN APPROVAL 
form. The signoff loop is now complete. 
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LOGIC DESIGN/SAf4PLE APPROVAL 



Dear Custoner: 

Your PAL Design Specification has been accepted as Pattern No. 

on (Date) . 



Please confirm these logic equations (attached) and refer to 
the pattern number when placing your order. Please be advised 
that any samples delivered were programmed but not functionally 
tested. 



Confirmation: 

I have reviewed the attached PAL/HAL Design Specification and 
understand that devices ordered with this pattern number will be 
programmed and functionally tested according to the information 
submitted. I also understand that the functional test sequence 
submitted to MMI will first be reviewed by MMI and may require 
further clarification and refinement (with respect to 
initialization and general testability) prior to actual 
implementation by MMI. 

C u s tome r 

Company 

Address 



Authorized Signature Date 

Name (Please Print) Title" 



Initial ! ! 

! ! 
I 1 



I am exercising the option of using the MMI 
expansion of my submitted functional test sequence 
as the basis for the test specification. I 
understand that this expansion will be done using 
TGEN, MMI'^s test generation software and that an 
additional formal approval, via the Customer Test 
Pattern Approval, is necessary once this expanded 
functional test sequence has been prepared. Until 
this final approval is accomplished, it is 
understood that all production delivery commitments 
are conditional upon a timely approval. 
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Customer Test Pattern Approval Date; 



The attached functional test sequence has been prepared for 

Pattern No. by MMI from your design input 

utilizing TGEN, the MMI test generation software. 

This functional test sequence, combined with MMI's data sheet 

parameters of the is the basis of the 

electrical test specification for the pattern when delivered as a 
ProPAL or a HAL^ 



Acknowledged by: Name 

Company 

Title 

Date 
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Ql . PALASM DOESN ' T WORK 1111 

Al. Please don't call us with just this message but before you 
call us, try running one or two design examples you received in 
your package. Pick an example that uses the same part type. It 
this doesn't work, when you call, tell us what specifically was 
output from your computer. It it is a problem in interfacing with 
your programmer, verify that you have established communications 
with the programmer. More often than not, the problem lies in the 
RS232 connection. 

Q2. What is the relationship between the polarity of the pin 
list, the output pin equations, and the polarity of the function 
table pin list? 

A2. The function table list vector components are evaluated 
using the polarity specified in the function table pin list. 
When PALASM actually gets to simulation, it evaluates the output 
values in terms of the following table: 



Pin List Polarity 


Output Pm Polarity 


Interpreted Output Polarity 


H 


H 


H 


H 


L 


L 


L 


H 


L 


L 


L 


H 



By the same reasoning: 

Function Pm Vector Component Internal Evaluation 

List Polarity Polarity 

H H H 

H L L 

L H L 

L L H 

Q3. How does PALASM deal with "X" for simulation purposes? 

A3. An "X" entered as an input is treated as a LOW signal. 
Similarly, an "X" on an output is LOW, even as a feedback. 

Q4. How do you specify always enabling a tri-state output pin? 

A4. In the specification file, use the form: 

IF (VCC) OUTPUT«WHATEVER. EXPRESSION 

Q5, How do you disable the output of a pin with feedback tor 
use as an input? 

A5. In the specification file, do not write an output equation 
using that pin, and it will default to putting the output in high 
impedance, so the feedback part of the circuit will input 
directly from the pin. 
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Q6, How do you determine the next state for a registered PAL? 

A6. The PALASM simulator initializes the state of the simulated 
component with the first vector of the function table. It 
remembers the states of the various output pins till the 
simulation of the next function table vector is calculated, at 
which point, it updates the pin states. 

Q7. Can 100% fault testing be achieved for all PAL designs? 

A7. Sorry, no. Not all logic circuits can be fully tested. 
PERIOD. However, PALs with the "P" features allow 100% fault 
testing because they can be pre-loaded. Earlier generation PALs 
do not have this pre-load feature therefore they may not be fully 
testable. There are techniques for obtaining greater fault 
coverage but none guarantee 100% coverage. 

Q8. How does somebody know when they have built the best 
possible set of test vectors? 

A8. No absolute method exists for determining that you have the 
best possible set of test vectors. You may be able to achieve 
100% fault coverage for simple designs, but this is not always 
possible. If you are using redundant product term techniques, you 
will not be able to fully test each product term. 
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Appendix I: Where to get help page I-l 

Should you encounter any problems with PALs or PALASM, write or call 

The IdeaLogic Exchange 
Mail-Stop (08-26) 
Monolithic Memories Inc. 
4250 Burton Drive 
Santa Clara, CA 95050 

Tel: (408)970-9700 extension 8130 
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PALASM FOR 20RA10 PAL 

Der_Haur Hsieh 
Imtiyaz Bengali 
Monolithic Memories 

This program is written in Pascal for IBM PC/XT but it uses 
standard Pascal features to be portable on different computer 
systems. It enables the user to translate his set of equations 
into fusepattern for 20RA10 PAL, The equations have to be written 
in a specific format which will be described later in the 
section. 

The program asks the user for the file in which he has his 
design specification. If he does not specify any file name, then 
the program takes the default file 'specs.dat'. The file name can 
be specified as follows : 

[drive:] filename [,ext] 

The [drive:] and [.ext] are optional. If no drive is mentioned 
than the default drive is assumed. The filename together with 
drive cannot be more than 8 characters. 

default file : specs.dat 

The program generates XPLOT and JEDEC format fusepattern and 
stores them in two files: 

Xplot is stored in [drive:] filename .xpt 
Jedec is stored in [drive:] filename .jed 

The filename and [drive:] are the same as specified by the user 
for his design specification file. If the default file is assumed 
then these two files will also be defaulted to 

default files specs. xpt and specs. jed. 

For clarif iction, the program informs the user where the xplot 
and jedec format are stored. 

The program detects most of errors and reports them to the 
user in a use-ful.way. The errors reported are : 

1) If there is any signal used in the equations and not 
specified in the pinlist declaration. 

<signal name> 
message explaining the error. 

2) If there are excess number of product terms used for a 
particular function. For e.g., the data function can 
have maximum of four product terms. If there are more 

than four product terms r then an error will be reported 
as follows: 



<equation will be written> 
message expalining the error. 

There are five of these types of errors for TRST, SET 
RESET, CLK and DATA functions. 

3) If there is a contradiction in an application. For e.g. 
a particular output is used as a combinatorial output 
and the user specifies either a SET, RESET or a CLK 
function, then this is an error and will be reported 

as follows: 

<Output name > 

message explaining the error. 

4) Pin numbers 1 and 13 are special pins and cannot used 
in the equations. If they are found in any equations 
then they will be reported as a an error as follows: 

<signal name> 

message expalining the error. 



Total of nine type of errors are detected and reported to 
the user. The messages are self expanatory and will be 
illustrated through examples. 



CHIP <example_name> <pal type> 



<pinl>,<pin2>r . . . ,<pin 11>,GND, 
<pin 13>,<pin 14>,..,<pin 23>,VCC 



EQU 



example^name and pal type are 
optional 

pinl are signal names and can 
be true or complemented e.g. 
(A or /A) . GND, VCC are used 
for pin 12 and pin 24 resp. 
Any pin that is not used is 
given NC. The signal names 
cannot be more than 12 chars. 

Key word for start of 
equations. 



output(i) := input (j) * /input(k) * output (1) 
+ input (m) * /o utput (n) 
+ input (a) 



output (i) .trst = <product term> 



output (i) .set = <product term> 



output (i) .reset = <produc term> 



output (i) .elk = <product term> 



sum of product 
terms in terms 
of inputs and 
outputs . The 
output (i) can 
be true or 
inverted 



; for tri-state control 

; defaults to high 
; (always enabled) 

; for set control. 

; defaults to low 

; for reset control. 

; defaults to low 

; for clock control. 

; defaults to low 



The following equation is for combinatorial output. 
The RESET and SET product terms are all HIGH i.e. 
all the fuses^are blown. 



output (b) 



= <product term 1> 
+ <product term 2> 
+ <product term 3> 
+ <product term 4> 



; combinatorial output 



output (b) .trst = <product term> 



CHIP 

This the key word for start of the design specification. 

There are two optional fields : 
i) Design name and 
ii) PAL type. 

There are twenty four pins to this device and hence 24 
signals can be named. All the signals should be ordered in the 
order of the pins. Pin 12 and Pin 24 have key words GND and VCC 
respectively. Each signal name should not be more than 12 
characters. Each signal name can be true or complemented. The 
signal names are separated by commas. Unused pins are given NC as 
the pin name. 

e.g. ABCD, Ql , NC,NC,NC, /CD , RESET, /INT, Dl ,D2 ,D3 , GND, 

/OE, Q2, Q3, CAS, /RAS , MEMWR, /MEMRD, NC ,NC, CNT, VCC 



Sgyatj^pg 

EQU indicates the start of equations. It is a key word which has 
to be specified before the equations are written. 

output := f (inputs , outputs) 

Each output can be specified as sum of product terms. Each 
product term can be made up of input and output signals in true 
or complemented form. There has to be maximum of four product 
terms . 

Associated with each output are four control product terms viz: 

TRST for tri state control 
CLK for clock control 
RESET for reset of the register 
SET for '«et of the register. 

Each of this control functions can be specified as a produc terms 
in the following manner: . 

output. TRST = product term 

output. SET = product term 

output. RESET = product term 

output. CLK = product term 

If any of these conrtrol functions are not specified than they 
are defaulted to the following states: 

TRST is defaulted to HIGH RESET is defaulted to LOW 
SET is defaulted to LOW CLK is defaulted to LOW 



If the output is a ggrn^^^atorial then it hasto be specified as 

output = <product terinl> 

+ <product term 2> 

+ <product term 3> 

+ <product term 4> 

In case of combinatorial output, UQ. S£1T j. EESJEX QI. QLK produc t 
ifiXIPS. h ave t^ b^ spec ified. If. they are specified then the 
program will report an error. The SET and RESET product terms are 
defaulted to HIGH and CLK is defaulted to LOW. One can specify 
TRST control. 

The output can be specified as a function of GND or VCC as 
follows: 



or 



output : - VCC 
output := GND 



the input to this register is hooked 
to VCC 
the input to this register is hooked 
to GND. 



ORAPAL 

C> PARSER 
Enter input file [specs .dat] : mmi.exm 

O20RA10 

The xplot is saved in file ==> mmi.xpt 

The jedec is saved in file ==> mmi.jed 

C> 

c> 



ORAPAL 

OPARSER 
Enter input file [specs .dat] : mmi 

O20RA10 

The xplot is saved in file ==> mmi.xpt 

The jedec is saved in file ==> mmi.jed 

C> 
C> 



ORAPAL 

OPARSER 
Enter input file [specs. dat] : a:20ral0.pal 
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C>20RA10 

The xplot is saved in file ==> a:20ral0.xpt 

The jedec is saved in file ==> a:20ral0.jed 

C> 
C> 



rename mmi specs.dat 



ORAPAL 

OPARSER 
Enter input file [specs .dat] : 

O20RA10 

The xplot is saved in file ==> specs. xpt 

The jedec is saved in file ==> specs. jed 

C> 



CHIP 

/ALE, A20, A19, A18, INPO , INPHASEOA, NC, NC , NC, NC, NC, GND, 

/OE, START, PHASED, PHASEl, PO ,P1 ,P2 ,/DTCK ,/RAS ,/CAS ,PHASEOA,VCC 

EQU 

START : = VCC 

START. CLK = A20 *A19 * A18 

START. RESET = DTCK 

PHASEO:=VCC 

PHASED .CLK = START * /PO 

PHASED .RESET=INPHASEDA 

PHASEOA = PHASED + INPHASEDA ; combinatorial output 

PD := PHASEl + INPD 

PI := /PI 

PI. CLK = /PD 

PI. RESET = /START 

P2 := /P2 

P2.CLK = /PI 

P2. RESET = /START 

DTCK := VCC ; different polarity 

/DTCK. CLK = P2 * PI * PO 
/DTCK. RESET = /START 

/RAS := VCC 

/RAS.CLK = /P2 * PI * PO 
/RAS.RESET= P2 * PI * PO 
/RAS. SET = DTCK 

/CAS := VCC 

/CAS. CLK = /P2 * PI * PD 
/CAS. RESET = P2 * PI * /PD 
/CAS. SET = DTCK 



a20 

11 1111 1111 2222 2222 2233 3333 3333 
0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 

; 

1 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

2 

3 

4 X 

5 X 

6 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

7 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

8 

9 X — x- — X- 

10 — X- — X- X 

11 X 

12 

13 xxxx xxxx xxxx XXXX xxxx XXXX xxxx xxxx xxxx xxxx 

14 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

15 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

16 

17 X — x- — X- 

18 — X- — X- — X- 

19 — X 

20 

21 xxxx XXXX XXXX xxxx xxxx XXXX xxxx xxxx XXXX XXXX 

22 XXXX xxxx xxxx xxxx xxxx XXXX XXXX XXXX xxxx xxxx 

23 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

24 

25 — X- — X- — X- 

26 X 

27 XXXX xxxx XXXX xxxx xxxx XXXX xxxx XXXX xxxx xxxx 
28 

29 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

30 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

31 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

32 — : 

33 . X 

34 X 

35 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
36 X 

37 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

38 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

39 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 



40 

41 ^x 

42 X 

43 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
44 X 

45 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

46 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

47 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

48 

49 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

50 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

51 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

52 X 

53 X ■ 

54 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

55 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

56 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

57 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

58 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

59 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

60 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

61 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

62 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

63 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

64 

65 X — X- 

66 X ; 

67 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx XXXX 

68 

69 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

70 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

71 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

72 

73 X X x 

74 X — 

75 XXXX XXXX xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 
76 . 

77 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

78 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

79 xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx xxxx 

Polarity Fuses 

Output pin: 1111112222 
4567890123 

X x 

Legend: fuse blown: - fuse intact: x 

Fuses Blown : 1493 

10 



QP24*Q3210* 

LOO 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1111 1111 1101 1111 
1111 1111 1111 1111 0111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

LOS 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1110 1101 1101 1111 1111 1111 
1111 1111 1111 1111 1101 1101 1110 1111 1111 1111 
1111 1111 1111 1110 1111 1111 1111 1111 1111 1111 

1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

L16 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 

1111 1111 1111 1111 1110 1101 1101 1111 1111 1111 

1111 1111 1111 1111 1101 1101 1101 1111 1111 1111 

1111 1111 1111 1110 1111 1111 1111 1111 1111 1111 

1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 
L24 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1101 1101 1101 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1110 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 

1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 

0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

L32 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1110 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1110 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
1111 1111 1111 1111 1110 1111 1111 1111 1111 1111 
OOOO'OOOO 0000 00(fO 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

L40 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1110 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1111 1111 1111 1110 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
1111 1111 1111 1111 1111 1110 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

L48 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000' 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
1111 1111 1111 1111 1111 1111 1111 1101 1111 1111 



1111 1111 1111 0111 1111 1111 1111 1111 1111 1111 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000* 

L56 0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 0000 0000 0000 0000 0000 0000 
0000 0000 0000 0000 OOOa OOOO OOOO 0000 0000 0000 
0000 OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 
OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO* 

L64 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 
1111 1111 1111 1111 1111 1111 1110 1111 1111 1101 
1111 1111 1111 1111 0111 1111 1111 1111 1111 1111 
OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 

OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO* 

L72 1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 

0111 0111 0111 1111 1111 1111 1111 1111 1111 1111 

1111 1111 1111 1110 1111 1111 1111 1111 1111 1111 

OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 

1111 1111 1111 1111 1111 1111 1111 1111 1111 1111 

OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 
OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO 
OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO OOOO* 

L80 1110111011*402E 
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CHIP 

/ALE, A20, A19, A18, INPO, INPHASEOA, NC , NC , NC, NC, MC , GND, 

/OE, START, PHASED, PHASEl , PO ,P1 ,P2 ,/DTCK ,/RAS ,/CAS ,PHASEOA,VCC 

EQU 

START := VCC 

START. CLK = A220 *A19 * A18 ; A220 is undeclared 

START. RESET = DTCK 



ORAPAL 

OPARSER 
Enter input file [specs .dat] : 

O20RA10 

****** ERROR 1 1 i ******* 



^220 UNDEFINED SIGNAL NAME 



C> 
C> 
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CHIP 

/ALE, A20, A19, AIS, INPO , INPHASEOA, NC , NC , NC, NC, NC, GND, 

/OEr START, PHASED, PHASEl , PO ,P1 ,P2 ,/DTCK ,/RAS,/CAS ,PHASEOA,VCC 

EQU 

START := VCC 

START. CLK = A20 *A19 * A18 

START. RESET = DTCK + A20 * A19 



ORAPAL 

OPARSER 
Enter input file [specs .dat] : specsl.dat 

O20RA10 

****** ERROR 11! ******* 



Start. reset =dtck 

+ a20 * al9 



RESET HAS MORE THAN ONE PRODUCT TERM 



C> 

c> 
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CHIP 

/ALE, A20r A19, A18, INPO , INPHASEOA, NC , NC , NC, NC , NC, GND, 

/OE, START, PHASED, PHASEl, PO ,P1 ,P2 ,/DTCK ,/RAS ,/CAS ,PHASEOA,VCC 

EQU 



START :=: VCC 

START. CLK = A20 *A19 * A18 

START, RESET = DTCK * ALE 



; pin 1 used in a product term 



ORAPAL 

OPARSER 
Enter input filefspecs.dat] : specs2.dat 

O20RA10 

****** ERROR III ******* 



ale 



THIS SIGNAL IS PIN 1 AND CANNOT BE USED AS 
A SIGNAL IN AN EQUATION 



C> 
C> 



15 



CHIP 

/ALE, A20, A19, A18, INPO , INPHASEOA, NC, NC, NC, NC, NC, GND, 

/OEr START, PHASED, PHASEl , PO ,P1 ,P2 ,/DTCK,/RAS ,/CAS ,PHASEOA,VCC 

EQU 

PHASEOA = PHASED + INPHASEOA ; combinatorial output 
PHASEOA. RESET = /START ; having a reset ?? 



ORAPAL 

C> PARSER 
Enter input file (specs .dat] : specs3.dat 

O20RA10 

****** ERROR III ******* 



phaseOa 

THIS OUTPUT IS COMBINATORIAL AND CANNOT 
HAVE SET/RESET/CLOCK PRODUCT TERM 



C> 

c> 
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CHIP 

/ALEr A20, A19, A18, INPO , INPHASEOA, NC, NC , NC, NC, NC, GND, 

/OE, START, PHASED, PHASEl , PO ,P1 ,P2 ,/DTCK,/RAS ,/CAS ,PHASEOA,VCC 

EQU 



PO := PHASEl + INPO 
+ /PI * P2 
+ PI * /P2 
+ /START 



; more than four product terns 



ORAPAL 

C> PARSER 
Enter input file [specs .dat] : specs4.dat 

O20RA10 

V***** ERROR M! ******* 



pO :=phasel 
+ inpO 
+/pl * p2 
+pl * /p2 
+/start 



OUTPUT HAS MORE THAN 4 PRODUCT TERMS 



C> 

c> 
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CHIP EXAMPLE, 20RP10, 

CL, A3, A2, Al, AO, DO, Dl , 10, II, DATA, P ,GND, 

/OE, QO, Ql, Q2, Q3, /Q4, Q5, Q6 , Ql , Q8, Q9, VCC 

EQU 

QO 



= A3 * 


QO * 


10 * 


CL 














+ A2 * 


QO * 


10 * 


11 














+ Al * 


QO * 


10 * 


11 














+ AO * 


QO * 


10 * 


il 














+/A3 * 


/A2 ' 


^ /Al 


* /AO 


* 


DATA ■' 


Vio * 


11 


* 


/P 


+/A3 * 


/A2 ' 


► /Al 


* /AO 


* 


/Dhlh 


* /lO 


* 


11 


* P 


+ /lO • 


* /II 


* P 
















+ /A3 '■ 


* DO ' 


► 10 * /II 
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PALASM FOR 20RP10 PAL 

Der_Haur Hsieh 
Imtiyaz Bengali 
Monolithic Memories 

This program is written in Pascal for IBM PC/XT but it uses 
standard Pascal features to be portable on different computer 
systems. It enables the user to translate his set of equations 
into fusepattern for 20RP10 PAL. The equations have to be "written 
in a specific format which will be described later in the 
section. 

To start the program type : RPPAL <CR> 

The program asks the user for the file in which he has his 
design specification. If he does not specify any file name, then 
the program takes the default file 'specs.dat*. The file name can 
be specified as follows : 

[drive:] filename [.ext] 

The [drive:] and [.ext] are optional. If no drive is mentioned 
than the default drive is assumed. The filename together with 
drive cannot be more than 8 characters. 

default file : specs.dat 

The program generates XPLOT and JEDEC format fusepattern and 
stores them in two files: 

Xplot is stored in [drive:] filename .xpt 
Jedec is stored in [drive:] filename .jed 

The filename and [drive:] are the same as specified by the user 
for his design specification file. If the default file is assumed 
then these two files will also be defaulted to 

default files specs. xpt and specs. jed. 

For clarif iction, the program informs the user where the xplot 
and jedec format are stored. 

The program detects most of errors and reports them to the 
user in a useful way. The errors reported are : 

1) If there is any signal used in the equations and not 
specified in the pinlist declaration. 

<signal name> 
message explaining the error. 

2) If there are excess number of product terms used for 
particular outputs. For e.g. pin 14 and pin 23 can 



have maximum of eight product terms and output pairs 
15-16, 17-18, 19-20r 21-22 can share 16 product terms 
exclusively. If any of these conditions are violated 
then an error is reported as follows: 

<output (s) will be written> 
message expalining the error. 

3) Pin numbers 1 and 13 are special pins and cannot used 
in the equations. If they are found in any equations 
then they will be reported as a an error as follows: 

<signal name> 

message expalining the error. 



Total of nine type of errors are detected and reported to 
the user. The messages are self expanatory and will be 
illustrated through examples. 



Design SpeCJf iC^tJgD f fiXmdt 
CHIP <example_name> <pal type> 



<pinl>,<pin2>, . .. ,<pin ll>,GNDr 
<pin 13>,<pin 14>,..,<pin 23>,VCC 



EQU 



; exainple_name and pal type are 
; optional 

pinl are signal names and can 
be true or complemented e.g. 
(A or /A) . GND, VCC are used 
for pin 12 and pin 24 resp. 
Any pin that is not used is 
given NC. The signal names 
cannot be more than 12 chars. 

; Key word for start of 
; equations. 



output (i) 



:= input 
+ input 
+ input 



(J) 
(m) 
(a) 



/input(k) * 
/output (n) 



output (1) 



sum of product 
terms in terns 
of inputs and 
outputs . The 
output (i) can 
be true or 
inverted 



CHIP 

This the key word for start of the design specification. 

There are three optional fields : 
i) Design name and 
ii) PAL type, 
iii) Pin list 

£1X1 List. 

There are twenty four pins to this device and hence 24 
signals can be named. All the signals should be ordered in the 
order of the pins. Pin 12 and Pin 24 have key words GND and VCC 
respectively. Each signal name should not be more than 12 
characters. Each signal name can be true or complemented. The 
signal names are separated by commas. Unused pins are given NC as 
the pin name. 

e.g. ABCD, Ql , NC,NC,NC, /CD, RESET, /INTrDl ,D2 ,D3 ,GNDr 

/OE, Q2, Q3, CAS, /RAS , MEMWR, /MEMRD, NC ,NC, CNT, VCC 



Equations 

EQU indicates the start of equations. It is a key word which 
to be specified before the equations are written. 

output := f (inputs, outputs) 

Each output can be specified as sum of product terms. Each 
product term can be made up of input and output signals in true 
or complemented form. There has to be maximum of four product 
terms . 



The output can be specified as a function of GND or VCC as 
follows: 



output := VCC 
or 

output := GND 



the input to this register is hooked 
to VCC 
the input to this register is hooked 
to GND. 



CHIP EXAMPLE 20RP10 

CLr A3, A2r Al, AO , DO, Dl , lO, II, DATA, P ,GND, 

/OE, QO, Ql, Q2, Q3, Q4, Q5, Q6 , Q7 , Q8, Q9, VCC 

EQU 

QO := A3 * QO * 10 

+ A2 * QO * 10 * II 

+ Al * QO * 10 * II 

+ AO * QO * 10 * il 

+/A3 * /A2 * /Al * /AO * DATA */lO * II * /P 

+/A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

+ /A3 * DO * 10 * /II 

Ql := A3 * Ql * 10 

+ A2 * Ql * 10 * II 

+ Al * Ql * 10 * II 

+ AO * Ql * 10 * II 

+/A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+/A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+/I0 * /II * P 

+/A3 * Dl * 10 * /II 

Q2 := A3 * Q2 * 10 

+ A2 * Q2 * 10 * II 

+ Al * Q2 * 10 * II 

+ AO * Q2 * 10 * II 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

+ /A3 * DO * 10 * /II 

Q3 := A3 * Q3 * 10 

+ A2 * Q3 * 10 *I1 

+ Al * Q3 * 10 *I1 

+ AO * Q3 * 10 *I1 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

+ /A3 * Dl * 10 * /II 

Q4 := A3 * Q4 * 10 

+ A2 * Q4 * 10 * II 

+ Al * Q4 * 10 * II 

+ AO * Q4 * 10 * II 

+/A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+/A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+/I0 * /II * P 

VA3 * DO * 10 * /II 



Q5 != A3 * Q5 * 10 

+ A2 * Q5 * 10 * II 

+ Al * Q5 * 10 * II 

+ AO * Q5 * 10 * II 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /hi * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

+ /A3 * Dl * 10 * /II 

Q6 != A3 * Q6 * 10 

+ A2 * Q6 * 10 * II 

+ Al * Q6 * 10 * II 

+ AO * Q6 * 10 * II 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

+ /A3 * DO * 10 * /II 

Q7 := A3 * Q7 * 10 

+ A2 * Q7 * 10 *I1 

+ Al * Q7 * 10 * II 

+ AO * Q7 * 10 *I1 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

+ /A3 * Dl * 10 * /II 

Q8 := A3 * Q8 * 10 

+ A2 * Q8 * 10 *I1 

+ Al * QB * 10 * II 

+ AO * Q8 * 10 * II 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II *P 

+ /lO * /II * P 

+ /A3 * DO * 10 * /II 

Q9 := A3 * Q9 * 10 

+ A2 * Q9 * 10 * II 

+ Al * Q9 * 10 * II 

+ AO * Q9 * 10 * II 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

+ /A3 * Dl * 10 *I1 



example rplO 

11 1111 1111 2222 2222 2233 3333 3333 

0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 01 

x-x- X X 

1 X- X X X X 

2 — X- X X X X 

3 — X- X X X X 

4 -X — -X — -X — -X — -X — X X -X — X 

5 -X — -X — -X — -X — -X — X -X — X X 

6 -X — -X — X X 

7 -X — X X X X 

8 X — — — — — X"" ""*""y — — — — — — — — — — — — X—.. «.-.«.-. ._ — . — — ««. 3f_ 

9 x-x- X X X- 

10 — X- X X X X- 

11 X- X X X X- 

12 -X — -X — -X — -X — -X — X X -X — X- 

13 -X — -X — -X — -X — -X — X -X — X X- 

14 «x — -X — X X- 

15 -X — X X -X — X- 

16 -X — X X -X — -X 

17 _x — -X — X -X 

18 -X — -X — -X — -X — -X — X -X — X -X 

19 -X — -X — -X — -X — ■ -X — X X -X — -X 

20 — X- X X X -X 

21 X-x- X X -X 

22 X — X- X X -X 

23 X — X- X -X 

24 X — X- X X- 

25 X — X- X X X- 

26 X — X- X X X- 

27 X-x- X- — X X- 

28 -X — -X — -X — -X — -X — X X -X — X- 

29 -X — -X — -X — -X — -X — X -X — X X- 

30 -X — -X — X X- 

31 -X — X X -X — X- 

32 -X — X X -X — -X 

33 -X — -X — X -X 

34 -X — -X — -X — -X — -X — X -X — X -X 

35 -x — -X — -X — -X — -X — X X -X — -X 

35 X — X- X X -X 

37 X — X- X X -X 

38 X — X- X X — — -X 

3 9 X — X- X -X 



40 X —X- X X- 

41 X — • X- X- X X- 

42 X X- X X X- 

43 X X- X X X- 

44 -X — -X — -X — -X — -X — X X -X — X- 

45 -X — -X — -X — -X — -X — X -X — X X- 

46 -X — -X — X X- 

47 -X — X X -X — X- 

48 -X — X X -X — -X 

49 — — -X — -X — X -X 

50 -X — -X — -X — -X — -X — X -X — X -X 

51 -X — -X — -X — -X — -X — X X -X — -X 

52 X x-x- X -X 

53 X x-x- X -X 

54 X x-x- X -X 

55 X #-x- -X 

56 X X — X- X- 

57 X X x-x- X- 

58 X X x-x- X- 

59 X X x-x- X- 

60 -X — -X — -X — -X — -X — X X -X — X- 

61 -X — -X — -X — -X — -X— X -X — X X- 

62 — ~ -X — -X — X X- 

63 -X — X X -X — X- 

6 4 -X — X X -X — -X 

55 -X — -X — X -X 

66 -X — -X — -X — -X — -X — X -X — X -X 

67 -X — -X — -X — -X — -X — X X -X — -X 

68 X — X X — X- -X 

69 X X X — X- -X 

70 X — X X — X- -X 

71 X X — X- -X 

72 X X — ^x- X 

73 X X X — X- X 

74 X — — X X — X- X 

75 X X X — X- X 

76 -X — -X — -X — -X — -X — X X -X — X 

77 -X — -X — -X — -X — -X — X -X — X X 

7 8 — . — -X — -X — X X 

79 -X — X X -X — X 



Polarity Fuses 

Output pin: 1111112222 
4567890123 



Legend: fuse blown: - 
Fuses Blown : 2884 



fuse intact: x 



1111 1111 1111 0111 1111 1101 0111 0111 1111 1111 01 

1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 01 

1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 01 

1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 01 

1011 1111 1111 1111 0111 1111 0111 1011 1111 1111 01 

1011 1111 1111 1111 1111 0111 0111 1011 1111 1111 10 

1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 10 

1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 10 

1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 10 

1111 1111 1111 0111 1111 1111 0101 0111 1111 1111 10 

1111 1111 0111 1111 1111 1111 0101 0111 1111 1111 10 

1111 0111 1111 1111 1111 1111 0101 0111 1111 1111 10 

0111 1111 1111 1111 1111 1111 0101 1111 1111 1111 10 

0111 1111 1111 1111 1111 1111 0111 1101 1111 1111 01 

1111 0111 1111 1111 1111 1111 0111 0101 1111 1111 01 

1111 1111 0111 1111 1111 1111 0111 0101 1111 1111 01 

1111 1111 1111 0111 1111 1111 0111 0101 1111 1111 01 

1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 01 

1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 01 

1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 01 

1011 1111 1111 1111 0111 1111 0111 1011 1111 1111 01 

1011 1111 1111 1111 1111 0111 0111 1011 1111 1111 10 

1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 10 

1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 10 

1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 10 

1111 1111 1111 0111 1111 1111 0111 0111 1101 1111 10 

1111 1111 0111 1111 1111 1111 0111 0111 1101 1111 10 

1111 0111 1111 1111 1111 1111 0111 0111 1101 1111 10 

0111 1111 1111 1111 1111 1111 0111 1111 1101 1111 10 

0111 1111 1111 1111 1111 1111 0111 1111 1111 1101 

1111 0111 1111 1111 1111 1111 0111 0111 1111 1101 

1111 1111 0111 1111 1111 1111 0111 0111 1111 1101 

1111 1111 1111 0111 1111 1111 0111 0111 1111 1101 

1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 

1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 

1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 

1011 1111 1111 1111 0111 1111 0111 1011 1111 1111 

1111111111*8031 



example rplO * 

QP24*Q3290* 

LOO 0101 1111 1111 1111 1111 1111 0111 1111 1111 1111 

1101 0111 1111 1111 1111 1111 0111 0111 1111 1111 

1101 1111 0111 1111 1111 1111 0111 0111 1111 1111 

1101 1111 1111 0111 1111 1111 0111 0111 1111 1111 

1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 

1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 

1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 

1011 1111 1111 1111 1111 0111 0111 0111 1111 1111 

0111 1101 1111 1111 1111 1111 0111 1111 1111 1111 01 

1111 0101 1111 1111 1111 1111 0111 0111 1111 1111 01 

1111 1101 0111 1111 1111 1111 0111 0111 1111 1111 01 

1111 1101 1111 0111 1111 1111 0111 0111 1111 1111 01 

1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 01 

1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 01 

1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 01 

1011 1111 1111 1111 0111 1111 0111 1011 1111 1111 01 

1011 1111 1111 1111 1111 0111 0111 1011 1111 1111 10 

1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 10 

1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 10 

1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 10 

1111 1111 1101 0111 1111 1111 0111 0111- 1111 1111 10 

1111 1111 0101 1111 1111 1111 0111 0111 1111 1111 10 

1111 0111 1101 1111 1111 1111 0111 0111 1111 1111 10 

0111 1111 1101 1111 1111 1111 0111 1111 1111 1111 10 

0111 1111 1111 1101 1111 1111 0111 1111 1111 1111 01 

1111 0111 1111 1101 1111 1111 0111 0111 1111 1111 01 

1111 1111 0111 1101 1111 1111 0111 0111 1111 1111 01 

1111 1111 1111 0101 1111 1111 0111 0111 1111 1111 01 

1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 01 

1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 01 

1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 01 

1011 1111 1111 1111 0111 1111 0111 1011 1111 1111 01 

1011 1111 1111 1111 1111 0111 0111 1011 1111 1111 10 

1111 1111 1111 1111 1111 1111 1011 1011 1111 0111 10 

1011 1011 1011 1011 1111 1111 1011 0111 1011 0111 10 

1011 1011 1011 1011 1111 1111 1011 0111 0111 1011 10 

1111 1111 1111 0111 1101 1111 0111 0111 1111 1111 10 

1111 1111 0111 1111 1101 1111 0111 0111 1111 1111 10 

1111 0111 1111 1111 1101 1111 0111 0111 1111 1111 10 

0111 1111 1111 1111 1101 1111 0111 1111 1111 1111 10 

0111 1111 1111 1111 1111 1101 0111 1111 1111 1111 01 

1111 0111 1111 1111 1111 1101 0111 0111 1111 1111 01 



10 



CHIP EXAMPLE 20RP10 

CL, A3, A2, Al, AOr DO, Dl , 10, II, DATA, P ,GND, 

/OE, QO, Ql, Q2, Q3, Q4, Q5 , Q6 , Q7 , Q8, Q9, VCC 

EQU 

QO != A3 * QO * 10 

+ A2 * QO * 10 * II 

+ Al * QO * 10 * II 

+ AO * QO * 10 * il 

+/A3 * /A2 * /Al * /AO * DATA */I0 * II * /P 

VA3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /Il * P 

+ /A3 * DO * 10 * /Il 

Ql := A3 * Ql * 10 

+ A2 * Ql * 10 * II 

+ Al * Ql * 10 * II 

+ AO * Ql * 10 * II 

+/A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

VA3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+/I0 * /Il * P 

+/A3 * Dl * 10 * /Il 

Q2 := A3 * Q2 * 10 

+ A2 * Q2 * 10 * II 

+ Al * Q2 * 10 * II 

+ AO * Q2 * 10 * II 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /Il * P 

+ /A3 * DO * 10 * /Il 

Q3 := A3 * Q3 * 10 

+ A2 * Q3 * 10 *I1 

+ Al * Q3 * 10 *I1 

+ AO * Q3 * 10 *I1 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /Il * P 

Q4 := A3 * Q4 * 10 

+ A2 * Q4 * 10 * II 

+ Al * Q4 * 10 * II 

+ AO * Q4 * 10 * II 

+/A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+/A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 
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Q5 := A3 * Q5 * 10 

+ A2 * Q5 * 10 * II 

+ Al * Q5 * 10 * II 

+ AO * Q5 * 10 * II 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

+ /A3 * Dl * 10 * /II 

Q6 := A3 * Q6 * 10 

+ A2 * Q6 * 10 * II 

+ Al * Q6 * 10 * II 

+ AO * Q6 * 10 * II 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

-I- /A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

+ /A3 * DO * 10 * /II 

Q7 := A3 * Q7 * 10 

+ A2 * Q7 * 10 *I1 

+ Al * Q7 * 10 * II 

+ AO * Q7 * 10 *I1 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

+ /A3 * Dl * 10 * /II 

Q8 := A3 * Q8 * 10 

+ A2 * Q8 * 10 *I1 

+ Al * Q8 * 10 * II 

+ AO * Q8 * 10 * II 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II *P 

+ /lO * /II * P 

+ /A3 * DO * 10 * /II 

Q9 := A3 * Q9 * 10 

+ A2 * Q9 * 10 * II 

+ Al * Q9 * 10 * II 

+ AO * Q9 * 10 * II 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

+ /A3 * Dl * 10 *I1 
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example rplO 

11 1111 1111 2222 2222 2233 3333 3333 

0123 4567 8901 2345 6789 0123 4567 8901 2345 6789 01 

x-x- X X 

1 X- X X X X 

2 — X- X X X X 

3 — X- X X X X 

4 -X — -X — -X — -X — -X — X X -X — X 

5 -X — -X — -X — -X — -X — X -X — X X 

6 -X — -X — X X 

7 -X — X X X X 

8 X — X- X X- 

9 x-x- X X X- 

10 — X- X X X X- 

11 — X- X X X X- 

12 -X — -X — -X — -X — -X — X X -X — X- 

13 -X — -X — -X — -X — -X — X -X — X X- 

14 -X — -X — X X- 

15 -X — X X -X — X- 

16 -X — X X -X— -X 

17 -X — -X — X -X 

18 -X — -X — -X — -X — -X — X -X — X -X 

19 -X — -X — -X — -X — -X — X X -X — -X 

20 — X- X X X -X 

21 x-x- X X -X 

22 — ■ — X — X- — X X -X 

23 X — X- X -X 

24 X — X- X X- 

25 X — X- X X X- 

26 X — X- X X X- 

27 x-x- X X X- 

28 -X — -X — -X — -X — — — -X — X X -X — X- 

29 -X — -X — -X — -X — -X — X -X — X X- 

30 -X — -X — X X- 

31 -X — X X -X — X- 

32 -X — X X -X — -X 

33 -X — -X — X -X 

34 -X — -X — -X — -X — -X — X -X — X -X 

35 -X — -X — -X — -X — -X — X X -X — -X 

35 X — X- X X -X 

37 X — X- X X -X 

38 X — X- X X -X 

39 X — X- X -X 
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40 X X- X X- 

41 X X- X X X- 

42 X X- X X X- 

43 X — X- X X X- 

44 -X — -X — -X — -X — -X — X X -X — X- 

45 -X — -X — -X — -X — -X — X -X — X X- 

46 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XX 

47 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XX 

48 XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XXXX XX 

49 «x — .jj — 3j .jj 

50 -X X X X X — X -X — X -X 

51 -X X — -X— -X -X — X X X — -X 

52 X- — x-x- X -X 

53 X x-x- X -X 

54 X x-x- X -X 

55 X x-x- -X 

56 X X — X- X- 

57 X X x-x- X- 

58 X X x-x- X- 

59 X X x-x- X- 

60 -X — -X — -X — -X — -X — X X -X — X- 

61 -X — -X— -X — -X — -X — X -X — X X- 

62 -X — -X — X X- 

63 -X — X X -X — X- 

64 -X — X X -X — -X 

55 «x — -X — — — X -X 

66 -X — -X— -X — -X — -X — X -X — X -X 

67 -X — -X — -X — -X — -X — X — - X -X — -X 

68 X X X — X- -X 

59 X X X — X- -X 

70 X X X — X- -X 

71 X X — X- -X 

72 X X — X- X 

73 X — X X — • — X- X 

74 X X — — X — X- X 

75 X — X X — X- X 

76 -X — -X— -X — -X— -X — X- — X -X — X 

77 -X — -X— -X— -X— -X — X -X — X X 

78 -X — -X — X X 

79 -X — X X -X — X 



Polarity Fuses 

Output pin: 1111112222 
4567890123 



Legend: fuse blown: - 
Puses Blown : 2772 



fuse intact: x 



14 



ORPPAL 

OPARSER 
Enter input file [specs .dat] : SPECS41.DAT 

O20RP10 

****** ERROR !!1 ******* 



qO 

OUTPUT HAS MORE THAN 8 PRODUCT TERMS 



C> 

c> 



ORPPAL 

OPARSER 
Enter input file [specs .dat] : SPECS42.DAT 

O20RP10 

****** ERROR ii! ******* 



ql and q2 

HAS MORE THAN 16 PRODUCT TERMS 

C> 
C> 



ORPPAL 

OPARSER 
Enter input file [specs. dat] : SPECS43.DAT 

O20RP10 

15 



q9 

OUTPUT HAS MORE THAN 8 PRODUCT TERMS 



C> 

c> 



ORPPAL 

C> PARSER 
Enter input file [specs .dat] : SPECS45.DAT 

O20RP10 

•kititifltic ERROR I!! ******* 



a32 UNDEFINED SIGNAL NAME 

C> 
C> 



ORPPAL 

C> PARSER 
Enter input file (specs .dat] : SPECS44.DAT 

O20RP10 

****** ERROR I ! i ******* 



Cl 

THIS SIGNAL IS PIN 1 AND CANNOT BE USED AS 
A SIGNAL IN AN EQUATION 



C> 16 



CHIP EXAMPLE 20RP10 

CL, A3, hi, Al, AO, DOr Dl , 10, Hr DATA, P ,GND, 

/OE, QO, Ql, Q2, Q3, Q4, Q5 , Q6 , Q7 , Q8, Q9 , VCC 

EQU 

QO := A3 * QO * 10 

+ A2 * QO * 10 * II 

+ Al * QO * 10 * II 

+ AO * QO * 10 * il 

+/A3 * /A2 * /Al * /AO * DATA */I0 * II * /P 

+/A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

-H /A3 * DO * 10 * /II 

+ A3 * QO * /lO 
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CHIP EXAMPLE 20RP10 

CL, A3, hi, Kir AOr DO, Dl , 10, II, DATA, P ,GND, 

/OE, QO, Ql, Q2, Q3, Q4, Q5, Q6 , Q7 , Q8, Q9, VCC 

EQU 



Ql :« A3 * Ql * 10 

+ A2 * Ql * 10 * II 

+ Al * Ql * 10 * II 

+ AO * Ql * 10 * II 

+/A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+/A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+/I0 * /II * P 

+/A3 * Dl * 10 * /II 

+ A3 * /Ql * /lO * II 

Q2 := A3 * Q2 * 10 

+ A2 * Q2 * 10 * II 

+ Al * Q2 * 10 * II 

+ AO * Q2 * 10 * II 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

+ /A3 * DO * 10 * /II 
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CHIP EXAMPLE 20RP10 

CLr A3r A2, Al, AOr DO, Dl , 10, II, DATA, P ,GND, 

/OE, QO, Ql, Q2, Q3, Q4, Q5, Q6 , Q7 , Q8, Q9, VCC 

EQU 



Q9 := A3 * Q9 * 10 

+ A2 * Q9 * 10 * II 

+ Al * Q9 * 10 * II 

+ AO * Q9 * 10 * II 

+ /A3 * /A2 * /Al * /AO * DATA * /lO * II * /P 

+ /A3 * /A2 * /Al * /AO * /DATA * /lO * II * P 

+ /lO * /II * P 

+ /A3 * Dl * 10 *I1 

+ A3 * /Q9 * /lO 
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A. 3 PALASM for CP/M Systems A. 3-1 

To run CP/M PALASM, the following are minimum system requirements: 

- 64K bytes o-f memory 

- 2 disk drives 

- CP/M operating system 

- Optional text printer 

Key Features 

- Assembles PAL Design Specifications for both 20- and 24-pin PALS. 

- PAL fuse patterns generated in various programmer formats. 

- Available in industry standard 8-inch single-si tied single-density 
CP/M format. Special requests are necessary for S- 25-inch disks. 
This is because of the various permutations of disk formats for such 
disks. d^^. 

- This version of PALASM should run on all standard CP/M systems. 
These include: Altos, Heath with Magnolia, TRS-80 Model 2, 
Osborne 1, etc. 

The CP/M version of PALASM is written in Microsoft BASIC. It has two 
program segments and a data table. 

- PALI is the driver program which assembles the equSitions and 
generates the fuse plot and puts it into a temporary work file 
called PALTEMP.DAT. Unlike other versions of PALA^M, this one 
module handles BOTH 20- and 24-pin PALs. 

- PAL2 uses PALTEMP.DAT to generate the various programmer formats. 

- PALTABLE.DAT is a data table which describes the structure of each 
PAL type. 

The CP/M package you receive should have three 8-inch disks. Below is a 
directory of each disk. 

Disk #1: PAL1.COM, PAL2.COM, PALTABLE.DAT and P7000.DAT-P7039.DAT 
Disk #2: P7040.DAT-P7079.DAT 
Disk #3: P7080.DAT-P7098.DAT 

P7000.DAT-P7098.DAT are are design examples from the PAL handbook. 



<c> CopVright Monolithic Memories Inc. 1983 All Rights Reserved, 
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As with other versions o-f PALASM, two steps arB necessary: 

1. Generate the PALASM specification file using your 

favorite editor. 
2- Run PALASM itself, which is what we will discuss here. 

To start, when yoM see the A> prompt, type the following: 

A>PALi 

(c) Copyrigfetfct*?P3 IS!!onoli.tm c Memoriis Inc. All Rights Reserved" 

• f ajfl^i^ : i riPALASM-r^i/^* cln .BafSU^ - ■ ■■''■' ^ ■•■ 
Revision Level 2.0 
07/15/81 D. Jones ^ 
06/22/83 U. Mueller Sc C.B. Lee 

Notes When using the 20 Xr-i:PAL-s=5^?n the series 24 

family, the XOR operator? 'isni'*,* should start a new 

line. Thus, /Ql s» A«B -Hi^C^'D^ v:4.sf E»F -^ G«H 
is an error 5 ^-^ 
It should read: 

/Ql :» A«B "^ C«D or /Ql:- A«B 

:h-8 E«F + G«H + C*D 

The second format is recommended •♦• G*H 
for ease of reading and commenting. 
Note also a space is required before and after 
■ the *•♦••' in the first format. 

Press ^ jkey: to conti nue. .-•■ - 

< Pressing any key clears the screen and provides the next prompt 
( at the bottom of the screen. The exchange shown below assumes that 
( the data file is called P7000.DAT and is located in drive A together 
with PALI. COM and PAL2.COM:. 




What is your input filename7P7000.DAT 

< You will then see a series of prompts which indicate the type of 
( processing being performed. 

ASSEMBLIIH©..* PLEASE WAIT ! ! ! 
PART WiMBfR ,r:^. OK !!! 
" PIN LIST ...... OK ! ! ! 

( As eath'' equation is assembled, PALASM prompts with a message 

( for each output, the general form of which is shown below. Each 

( output is identified by name and the corresponding product line is 

i given. You should see a number incrementing at the bottom left hand 

( corner of the screen. This is the current product line being processed. 

( For 20-pin PALs, this number should count from to 63 while for 24-pin 

( PALs the count is from to 79. 



< c ) Copyr i ght Monol i th i c Memor i ©fine. 1 98;5 Al 1^ ,Ri gJit* R«aer ved . 
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ASSEMBLING OUTPUT: B5 PL = 8 

ASSEMBLING OUTPUT: E: PL « 16 

ASSEMBLING OUTPUT: H? PL = 24 

ASSEMBLING OUTPUT: L; PL = 48 

ASSEMBLING OUTPUT: 0; PL = 32 

ASSEMBLING OUTPUT: R: PL « 40 

< When assembly is complete., you will see the -following options 

( menu on the screen. Either lower or upper case letters c^n be used. 

< At this time, PAL2 is automatically loaded and executed. As PALTEMP.DAT 
( is being read, the product line, jfcourtt nt^fe ripp dated. 'wq;D - 

(c) Copyright 1983 Monoti^tll^ia: itlertjoj^isBis'iFi^teJl^^^All Rights Reserved 

Enter option at this time: 

X - Xplot 

B - Brie-f Xplot 

H - HeM (Ascii Hex prograTnm6Br.iAFbrmat) 

N - BPNF (Ascii programmeTf« •fomratr- * 

L - BHLF (Ascii programmer fdriPRat) '^^^ 

P - Program PAL (SD20/24 -format) 

- Pinout 

J - Jedec -format 

E - Echo (Reprints PAL design spec.) 

R - Restart PAL-assembler 

Q - Quit (End program) 

OPTION (without Return) ? 

( For each o-f these options, the "user has the choice o-f directing 
( the output to the screen or creating a new outpl.i'tK'^ifel The example 
( belovx directs the output to the new -file BASIC. GAT. 

Enter -filename -for output (return -for none) 
B: BASIC. GAT .- ~ 

X - rSenerates complete PAL fuse plot, where 

"X" - unblown -fuse ''' 

"— " - +use blown 

"o" -low phantom fuse 

"tj" - high phantom -fuse 

B - Generates brie-f fuse plot displaying o^lV' thb^'^f'y^e 1 ijies 
which are essential to describe the functlbh. ll^::^," . . 

..'V, 4 » < * » • I C. A. '., 

H - Generates PAL fuse pattorn in hexadecimal (HEX) programming 
format . '"'" " ^" ^^* 

N - Provides BPNF programming forma't. 

L - Gives BHLF programming format. 



(c) Copyri^t J^diVdiirithic Memories IhC. 1983 All flights Reserved. 
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P - Downloads the PAL Design Specification into the SD20/24 PAL programrr 
When this option is picked, PALASM responds' with: 

Is programmer 'ON' and 'RESET' 

>■ IrfjctKeq:SEl2<:>/tS4->as. now turriied on, PALASM starts sending the PAL 
rDe©a:©BE':Sp,ecarfiCf«ttdidn. rf-i leito th^ RS232 port. You will then see; 

WAIT - LOADING . , . " 

-iUIHfer>©»^:j,4joacH35vgTt.:i^;;: s:-^ the rve)t:f ' pr.d*rtpitr^Us displayed: 

On yellow light : Programmer is busy - Don't 

Touch anything ! ! ! 

On green light : Insert your PAL and press 

<PROB> on the programmer 

On red light : Assembling Error - Your PAL 

Design Spec, is wrong. 

- Provides a pinout of the input spec. 

J - OEDEC format. This is the format used bv most DATA I/Q programmers. 

You have the choice of sending the output to the serial port (DATA | 
or to the output file you specified. The program prompts with: j 

Press r for DATA I/O 

•2 for Fi le or 
<return> for none of both 

After you respond, you will see the next screen: 

Power on Data I/Q. 

For information about how to setup the Data I/O 
to receive mode, look in the PALASM manual under 
Appendix B: 

Press <return> when ready... 

After this press <RETURN> on the computer. 

As the JEDEC file is being down-loaded, the next prompt is: 

Please Wait ! ! ! 

You are now down-loading to the Data I/O. 

R - Restarts the PAL assembler. 

E - Echos the PAL Design Specification file. 

Q - Ejiits the program and returns to the operating system. 
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Caveats, Restrictions and Other Botchas 
General 



1. At present, the simulator and fault gr^aJdini3..'&ptl^^ not yet 

been implemented on the GF^-'M version. n:UJhefPTk'> thesaciaaeiCDiW^^vai la 
an update will be sent out to you. 

- rS* For c ommunirOiat-iron-s - twi t h y OLcr .RALq.pirJOQ r amin^fts ^ Tn^ kie? fdrer tain that the 
L3T: device -for your system is a serial port. 



(c) Copyright Monolithic Memories Inc. 1983 All Rights Reserved 



